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Therapy of Carcinoma of the Prostate 
Metastatic to Bone with P*” Labeled 
Condensed Phosphate 


Ervin Kaplan, M.D., I. Gordon Fels, Ph.D., Bruno R. Kotlowski, 
Joseph Greco, B.S., and William S. Walsh, MD. 


Chicago 


pee LABELED with P*? has been used in palliative therapy of malignant 
- tumors metastatic to bone (1,2). As previously reported, therapeutic benefit 
is probably related to incorporation of P** phosphate in regenerating bone adja- 
cent to the intraosseous lesions (3). It would appear advantageous to increase the 
concentration of P®? in the areas of osteoblastic activity, thereby enhancing the 
radiation dosage to the tumor while simultaneously sparing the non-tumorous 
soft tissue. Using P®? labeled polymetaphosphate, a high molecular weight con- 
densate of phosphate (Fig. 1), the authors have demonstrated significant prefer- 
ential localization of radioactivity in growing areas of bone as compared to 
deposition from P*? labeled NaH,PO, (4). The polymetaphosphate is hydrolyzed 
to phosphate by mammalian phosphatases, and may be presumed to be poorly 
available to the soft tissue phosphate pool, until so released by tissue phos- 
phatases, particularly the alkaline phosphatase of growing bone. 


METHOD 


Selected cases of carcinoma of the prostate with widespread metastasis to 
bone were treated with intravenous injection of sterile polymetaphosphate solu- 





From the Radioisotope and Surgical Services of the Veterans Administration Hospital, 
Hines, Illinois. 

Presented at the Sixth Annual Meeting of The Society of Nuclear Medicine, Chicago, 
June 18, 1959. 
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tion.' The preparation was synthesized from NaH,PO, by the method of 
Jones(5). No free phosphate remained as determined by the absence of pre- 
cipitate with AgNO,. The pH of the non-radioactive control solution in 1 percent 
concentration was 5.5; phosphorus content was 28 percent. 


POLYMETAPHOSPHATE 
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Fig. 1. Polymetaphosphate, a high molecular weight condensate of phosphate. 
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The therapeutic regimen consisted of the intravenous injection of one milli- 
curie of P’? metaphosphate five days per week until a total dosage of 20 milli- 
curies was administered. This dosage has been modified and is not currently 
recommended. The modified dosage is given in the result section of this report. 
Evaluation was based upon clinical response, radiographs of the involved areas, 


bone biopsy in selected instances, serial determination of hemoglobin, erythro- 
cyte, leucocyte and platelet counts, serum phosphate determination and serum 
acid and alkaline phosphatase determinations. A modified Bodansky technique 
was employed in the latter. Evaluation of post-mortem specimens was based 
upon autoradiographs, tissue assay of P*? activity, and histological sections. 


RESULTS 


Of the eight patients given a full course of therapy, seven showed palliation 
of pain and clinical improvement (Table 1). The palliative effects became ap- 
parent during the administration of metaphosphate——they were marked in four 
patients. One patient (WF) with metastatic involvement of the tibia had ex- 
perienced severe pain for several weeks. The pain subsided dramatically after 
the first week of therapy. Several bedfast patients became ambulatory for the 
first time in many months. 

Several weeks following completion of therapy, a transient leucopenia was 
noted in the patients who experienced clinical benefit. During this period some 
patients experienced nausea, developed low-grade fever and petechiae. One 
developed multiple small abscesses of the scalp which responded to antibiotic 
therapy. 

The patients who died showed a progressive deterioration with weight loss 
and progressive cachexia which followed the period of palliation. The white 





*Prepared by the Volk Radiochemical Company, Chicago, Illinois according to the authors’ 
directions. 
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TABLE 1. PALLIATION AND SURVIVAL Post POLYMETAPHOSPHATE THERAPY 








Days of Days of 
Palliation Palliation Survival Status 





40 111 Dead 
30 100 Dead 
60 230 Dead 
0 110 Dead 
+++ 465 490 Living 
++ 100 270 Dead 
+++ 100 475 Living 
+++-+ 70 230 Dead 
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blood count did not remain depressed in any instance, even in the presence 
of progressive anemia. Terminal pneumonia was the apparent immediate cause 
of death in each case. 

Roentgenograms of the metastatic bone lesions showed an increased radio- 
density of the sclerotic areas following metaphosphate therapy. In two patients 
(B.H., E.W.), still surviving weeks after a full course of metaphosphate therapy, 
areas which initially were sclerotic and then showed intensification of sclerosis 
now showed some clearing. A biopsy of the intensified bone sclerosis from one 
patient showed large patches of non-viable bone and necrotic tumor tissue. 


PHOSPHATASE 
ALKALINE 
ACIO 
wBC —_ 
HEMOGLOBIN >> 
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Fig. 2. Clinical laboratory values patient W.D. (See text) 
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TABLE 3. ORGAN OR TissuE P®? Rapioacriviry AT Necropsy FOLLOWING POLy- 
METAPHOSPHATE THERAPY 











Patient 
(dose-days post 


Organ or tissue treatment) 





B.H. PS. A.J. 
(5 mc-1 day) (20 mc-63 days) (20 mc-111 days) 





Adrenal 14,512 242 388 
Aorta 2,464 156 58 
Bladder —— 138 
Bladder Stone woe 2515 a 
Brain 1,380 210 310 
Bone 
Metastatic, marked 41,743 ri 5013 left clavicle 2723 
5205 iliac crest 
2201 vertebra 
Metastatic, moderate ee 1728 right clavicle $273 
1094 rib 
Normal cancellous 8,589 401 skull —— 
Cartilage 1,363 527 289 
Diaphragm 5,800 151 120 
Adipose $3,200 124 0 
Heart 7,416 377 163 
Intestine 4,551 192 117 
Kidney 11,575 218 65 
Liver 20,013 281 452 
Lymph Node (normal) 5,155 —- 188 
Lymph Node (metastatic) 195 —— 
Lung 0? 118 157 
Muscle (pectoralis) 3,936 141 339 
Pancreas 5,930 243 234 
Periosteum 6,053 —_—— mee 
Prostate 4,150 302 67 
Thyroid 4,669 ae 132 
Skin 2,022 70 0 
Spleen 21,669 351 301 
Tumor, metastatic soft 
tissue - 12,867 243 -—— 














The decreases in white blood cells and alkaline and acid phosphatase levels 
in the blood are indicated in Table 2. The leucopenia was transient. The drop 
in the alkaline phosphatase level was marked and prolonged. The drop in acid 
phosphatase level though less dramatic was significant in every case in which 
the leucocyte count and alkaline phosphattase level decreased, and it paralleled 
the alkaline phosphatase. 

Assay of P%? shows a marked preponderance and persistence of P®? in 
metastatic tumors of bone, when compared with normal cancellous bone, and 
prostate carcinoma in soft tissue. A comparison was made of organ and tissue 
P®2 activity in necropsy specimens following metaphosphate therapy (Table 3). 
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Radioautography demonstrates that the greatest activity in metastatic bone 
is in the bone spicules and not in the tumor nodules. 

The correlation between therapy, laboratory findings and clinical course 
is best demonstrated by several case reports and the accompanying graphs. 

The first example (W.D.) was a 68 year old Negro male with widespread 
metastatic involvement of the pelvis and spine (Fig. 2). Therapy with meta- 
phosphate was given as indicated, orchiectomy was not done nor was any other 
specific therapy employed. A marked drop in alkaline phosphatase is seen. Acid 
phosphatase decrease is less marked but parallels the alkaline phosphatase. WBC 
showed a transient drop and recovery. Hemoglobin vaiues fell moderately with 
therapy and rebounded to values above pretherapy level; after reaching a peak 
coinciding with clinical improvement, a gradual decrease is noted. A sharp rise 
in acid and alkaline phosphatase values about three and one-half months after 
therapy coincided with marked increase in bone pain. 

The second case (E.W.) a 69 year old Negro male had widespread meta- 
static involvement of the pelvis and spine (Fig. 3). He had been previously 
treated by orchiectomy and estrogen therapy. Before metaphosphate therapy 
he had ceased responding to estrogen therapy and was bedfast for many weeks 
with severe pain radiating from the lumbar region into the legs. The phosphatase 
elevations were not remarkable. However, on therapy, both acid and alkaline 
phosphatase values returned to normal. He became asymtomatic and ambulatory 
and spent several months at home. His leucocyte count and hemoglobin after 
a temporary fall returned to and remained at normal levels. After four symptom- 
free months his phosphatase values increased and pain returned to his back 
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Fig. 3. Clinical laboratory values patient E.W. (See text) 
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Fig. 4. Clinical laboratory values patient P.S. (See text) (left) 
Fig. 5. Clinical laboratory values patient B.H. (See text) (right) 


and legs. He received a second course of therapy subsequent to the time period 
on the graph (Fig. 3). He is again asymptomatic and has been discharged from 
the hospital. 

The third case (P.S.) a 66 year old white male had widespread involvement 
of the bony skeleton with pain in the back, pelvis and legs. His alkaline and acid 
phosphatase values showed a dramatic drop to normal with a transient period 
relatively free of symptoms (Fig. 4.). X-ray examination of his bony skeleton 
showed a widespread increase in bone sclerosis. The patient became cachectic, 
anemic and died. At autopsy, areas of normal bone and bone marrow were vi- 
able. The P*? activity in the normal bone was significantly lower than that in 
bone infiltrated with tumor. Assays for radioactivity revealed that the soft tissue 
tumor nodules contained only one-tenth the activity of metastatic bone. The 
tissue areas which had been heavily irradiated contained a relatively large 
amount of necrotic bone, bone marrow and tumor tissue. These necrotic areas 
were reinvaded’ by bone from the periosteum and by tumor. These changes are 
illustrated in the photomicrographs (Figs. 6 a-g). 

The next patient (B.H.) was a 68 year old white male with paraplegia. 
Radiographs revealed widespread metastatic involvement of the spine and pelvis. 
A biopsy of the vertebrae at laminectomy was diagnosed as metastatic carcinoma 
from the prostate. He was given metaphosphate therapy a number of weeks post- 
orchiectomy. Alkaline and acid phosphatase values dropped to normal. (Fig. 5) 
At that time he was placed on TACE (chlorotrianisene), an oral estrogen-like 
substance, in doses of 12 mg twice daily for about one month. Since that time 
he has received no other therapy directed toward his carcinoma. The phos- 
phatase values have remained normal for more than 400 days post-metaphosphate 
therapy. During this time he has gained fifty pounds in weight and has symptoms 
only of his paraplegia. In recent weeks, back pain has returned without alteration 
of phosphatase values. 
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Fig. 6a. Normal Bone—The bone obtained from a normal area of the right clavicle showed 
normal architecture, viable osteocytes in the lacuni and bone marrow cells in the 
intratrabecular spaces. (left) : 

(Legend applicable to all of figure 6, a-g: Specimens of bone were obtained at 
necropsy from patient P.S. 63 days following completion of a course of 20 milli- 
curies of P32 labeled polymetaphosphate. ) 

Metastasis to Bone—The trabeculae were not viable, the lacuni were empty, and 
large areas of necrotic tumor are visible. Islands of tumor with pyknotic nuclei 
survive in several areas. These areas coincided with high levels of P32 activity in 
bone. (right) 


Fig. 6c. Necrotic Tumor—A high-powered view showing necrotic tumor in sheets occupying 
the marrow space. (left) 

Fig. 6d. Necrotic Bone—An area of radionecrosis which is completely acellular; architecture 
of the previous cellular content of marrow space cannot be determined. (right) 
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Serial x-ray examinations (Fig. 7) of his spine show the pretherapy status, 
the immediate post-therapy sclerosis and in the final film, the decreased sclerosis 
seen at about six months post-therapy. 


A lesion in the pelvis studied during the same period shows progressive 
change from sclerosis toward radiologically normal bone (Fig. 8). 

Another group of patients with metastatic carcinoma to bone from the 
prostate have been treated since the above observations were made. These pa- 
tients were under therapy with 12 mg of TACE twice daily at the time meta- 
phosphate therapy was initiated. The metaphosphate was administered intra- 
venously in 2 millicurie doses three times per week until a total dose of 16 milli- 
curies was injected. This is the dosage currently suggested. Of the five patients 
so treated, all have shown rapid complete disappearance of bone pain, weight 
gain, and minimal radiation side effects. Two of the patients had paraplegia of 
recent onset. Following therapy one has a complete remission of his paraplegia; 
the other is markedly improved. In another patient the acid phosphatase level 
had remained at a level of approximately 120 Bodansky units for four months 
(Fig. 9). The patient had refused orchiectomy but had been on TACE therapy 
for about one month with little improvement. Within 18 days of the onset of 
metaphosphate therapy, the acid phosphatase value dropped from 120 Bodansky 


(a) (b) (c) (d) 


Fig. 7. Radiographic evaluation of lumbodorsal spine (B.H.) in metastatic carcinoma of 
prostate. 
a) Pre-Therapy with polymetaphosphate. 
b) Immediately post 20 millicuries of P32 polymetaphosphate therapy. 
c) 6 weeks post polymetaphosphate therapy. 
d) 5 months post polymetaphosphate therapy. 
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units to 7; he gained weight; and there was complete disappearance of bone 
pain which had been present for many months. The rise in alkaline phosphatase 
levels in this patient is a pattern not previously observed. Further followup of 
the combination of estrogen-metaphosphate therapy will be made as well as 
more detailed comparison with the patients treated only with polymetaphosphate. 


DISCUSSION 


Localization of P®* activity from polymetaphosphate in growing sclerotic 
metastatic carcinoma of bone from the prostate has a palliative effect upon the 
pain associated with this lesion. Its preferential deposition in growing bone as 
compared to orthophosphate may be related to hydrolysis at the site of the bone 
lesion by the local high concentration of alkaline phosphatase, thus bypassing 
the soft tissue phosphate pool, and sparing this tissue from excessive beta 
irradiation. 


Lack of concentration in the tumor nodule suggests a palliative use only; 
however, depression of the carcinoma by estrogenic substances in conjunction 
with metaphosphate therapy has produced a superior palliative effect in a 
small group of patients. The mechanism of this apparent synergism is not known. 

P*? labeled metaphosphate has been used in several cases of metastatic car- 
cinoma from the breast to bone with palliation of bone pain. It is also strongly 
suggested that metaphosphate be given a therapeutic trial in osteogenic sarcoma 
with active growth of malignant bone and high alkaline phosphatase activity. 


ALKALINE PHOSPHATASE 
ACID PHOSPHATASE 
2 MC METAPHOSPHATE 


% 
is 


BODANSKY UNITS 














Fig. 9. Alkaline and acid phosphatase values in patient treated with polymetaphosphate 
while on estrogen therapy. A rapid and marked drop in acid phosphatase level 
coincides with the polymetaphosphate administration. 
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SUMMARY 


The use of a new palliative agent, P®* labeled polymetaphosphate, for the 
therapy of metastatic carcinoma from the prostate to bone has been discussed. 
Its localization in regenerating bone surrounding intraosseous, osteoblastic tumor 
is a function of phosphatase activity. Effective palliation of bone pain, a decrease 
in alkaline and acid phosphatase and radiographic regression of lesions were 
observed. A combination of estrogen and polymetaphosphate therapy produces 
a synergistric palliative effect apparently superior to either agent alone. 
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Some Problems Regarding Permissible 
Doses With Radioactive Isotopes’ 


Edith H. Quimby, Sc. D.’ 


New York 


VERY DOCTOR using radiation, whether from an x-ray machine or from radio- 
active substances, knows that he is dealing with a potentially dangerous 
agent. He is aware that there are two distinct types of hazards, that to the irradi- 
ated individual himself, the somatic, and that to the offspring of the irradiated in- 
dividual, the genetic. He also knows that everybody in the world is exposed to 
some radiation from cosmic rays and other natural sources. This is unavoidable; 
the basic safety question then is how much more than this may be received with- 
out expectation of harm. He knows that so-called “maximum permissible doses” 
have been set with the idea of achieving radiation safety, but he likely does 
not know how these doses were arrived at, and by what authority they were 
established. 

During the past 30 years the International Commission on Radiological Pro- 
tection, the National Committee on Radiation Protection, and other interested 
groups have been studying the safety problem, and have made recommendations. 
These groups have no legal authority; their recommendations do not have the 
force of law. Yet by their eminence, and their non-political nature, their conclu- 
sions command great respect. 

Until the last decade they have been mainly concerned with the somatic 
hazard; their aim was to establish levels of exposure which would not produce 
any observable effect in the irradiated individual, and to set up procedures for 
keeping radiation received by any individual well below these levels. The doses 
originally considered acceptable were decreased as more knowledge was gained. 
However it is not easy to decide what exposures are permissible. We have very 
little accurate information about biologic effects resulting from chronic exposure 
to very low doses of radiation. We cannot even be sure that there is a dose level 
from which no effect would ever occur. It is for this reason that we no longer 
speak of a “tolerance dose”, which implies that there is some dose totally without 


1Based on a Lecture to the Society of Nuclear Medicine, Pittsburgh Chapter, and the Pitts- 
burgh Roentgen Society, May 26, 1959. 
*College of Physicians and Surgeons, Columbia University, New York. 
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harm. We recognize that we must seek a reasonable “permissible dose”, based on 
some degree of calculated risk. 


The philosophy of the calculated risk is at the basis of a large part of human 
activity,—this may be a rather startling thought, but it is true. The risks are ac- 
cepted in the belief that the probability of gain offsets the possibility of loss. 
Many medical procedures are accompanied by such a risk; for many surgical op- 
erations the mortality and morbidity risks are regularly stated. For any particular 
situation it is necessary to weigh the expected good against the feared harm and 
come to a decision. This decision depends on the available knowledge of the 
risk on the one hand and the gain on the other. 

Radiation risk is no different from the rest of them. There is no doubt that 
x-rays and radioactive materials have made marked contributions to our health 
and well-being; for medicine to dispense with them is unthinkable. Yet it is 
true that their use carries its quota of hazards for some individuals. In compari- 
son with the gains, the risks are very difficult to evaluate on a cause and effect 
basis. Practically any effect produced by radiation can also be produced by other 
means. We know what to expect from really large radiation exposures, and how 
to avoid them. But when it comes to the very low doses, of interest at the pro- 
tection level, the analysis becomes difficult indeed. Therefore there must be 
a continuing effort to diminish all exposures as much as is practicable. 

Let us consider the approach to a decision as to permissible dose from the 
somatic and from the genetic point of view. Somatic hazards apply in general 
only to people actually using radiation and conscious of the risk, a very small 
part of the population. Genetic hazards, on the other hand, apply to every poten- 
tial parent, most of whom are entirely unaware of the problem. In the case of 
somatic damage the effect is on the individual, and is produced by his lifetime 
accumulated dose. In the genetic case the effect is on the race, and it is due to 
the average accumulated dose to all parents, from their conception to the cessa- 
tion of fertility. It must be emphasized that the dose to any one individual is not 
important for the race; it is the total dose to a racial population that determines 
a change. 

There is a good deal of information about somatic effects, but practically 
none about genetic effects as far as human beings are concerned, although con- 
siderable data have been accumulated for fruit flies and mice. Various national 
and international organizations have studied the matter in detail; their findings 
and conclusions have been published. (1, 2, 3). Present permissible dose levels 
have been set for 


a. radiation workers (somatic hazard), at a lifetime dose for the individual 
which would not be expected to result in observable damage; 


b. the general populace (genetic hazard), at an average value which, if re- 
ceived by all potential parents, would not increase the ultimate popula- 
tion load of genetically defective individuals by more than a few per 
cent. (It is not generally realized that at the present time in the United 
States 2 per cent of all babies born alive carry serious genetic defects not 
due to radiation. ) 
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Basic rules for these doses, for x-rays and rays from radioactive substances, are 
(3) 


I Accumulated dose to radiation workers or individuals in “occupational” 
category 


A. External exposure to critical organs. Whole body, head and trunk, 
active blood-forming organs, or gonads: The maximum permissible 
dose (MPD) to most critical organs, accumulated at any age, shall 
not exceed 5 rads multiplied by the number of years beyond 18, and 
the dose in any consecutive 13 weeks shall not exceed 3 rads. No one 
should be permitted to start radiation work before age 18. Thus the 
permissible total accumulated dose is 5(N- a a where N is the 
age and greater than 18 years. 


B. External exposure to other organs. Hands and forearms or feet and 
ankles; MPD is 75 rads per year; not more than 25 rads in any con- 
secutive 13 weeks. 


C. Internal exposures. The permissible levels from internal emitters will 
be consistent as far as possible with those from external sources. (4) 
In general they are set at an annual average of 15 rads for most indi- 
vidual organs, 30 rads for thyroid or skin, and 5 rads for gonads or 
whole body. 

II Dose to persons outside the occupational category. This is not as firmly 
established as the occupational level. However it is agreed that doses to 
such individuals should not exceed one tenth of those permitted to radia- 
tion workers, or 0.5 rad per year. This may be integrated over a year. 


The isotope user must observe these same limitations in order to protect 
himself, his associates, and his patients. As far as routine protection in the labora- 
tory is concerned, the matter is fairly straightforward, and is adequately dis- 
cussed in a number of textbooks (5). The problems with which I shall deal 
are not so clear-cut. They arise in connection with decisions as to whether an in- 
dividual falls into the occupational or the general populace category, and as to 
the significance of the total lifetime of the isotope being administered. Into which 
category do you classify nurses, orderlies, and other employes not directly under 
your control? Where do your patients fit? What about other physicians’ pa- 
tients who are in the same ward with your radioactive patients? How much ra- 
dioactive material may you administer as a diagnostic or therapeutic dose? 


First, in regard to how much you may administer; when it is hoped that the 
patient will benefit from the procedure, none of the above regulations apply. 
This is a matter for the physician to decide on the basis of his experience and 
that of others. In therapy, obviously, large doses will be used; the same precau- 
tions are necessary as in avoiding over-treatment with external sources of radia- 
tion. In diagnostic procedures with radioactive substances, as with x-rays, every 
effort should be made to keep the dose as low as possible consistent with obtain- 
ing the desired information. In most instances it is possible to carry out diagnos- 
tic procedures at levels corresponding to permissible occupational exposures, and 
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it is acceptable for purposes of test or study to consider your subjects to be in 
this occupational class. 

Many people write to the Atomic Energy Commission asking what is the 
maximum amount of a particular isotope which they can administer. The AEC 
has never set maximum permissible doses. It is hoped that doses for tracer pur- 
poses will be continually decreased as instrumentation is improved, and this has 
indeed been the case. In any particular problem the potential user must decide 
how much of the isotope he needs to give, and then apply for a license on that 
basis. If the dose is unduly high in comparison with the work of others, or with 
established permissible doses, he will be asked to revise his estimate downward. 

Dose calculations are based on published formulas. If the patient is to fall 
into the 5 rads per year category, a continuous weekly dose of 100 mrad is im- 
plied. But most of the radioisotopes used in diagnostic procedures have relatively 
short half lives, so that the 3 rads in 13 weeks category is satisfactory. This 
would mean 230 mrad per week for 13 weeks. A simple approach is to set 300 
mrad as the permissible first week dose, and then determine how this works out 
for the longer period. The dosage formulas usually employed are: (6) 


1. Dg, = CT (73.8 E, + 0.0346 r g) rads 


D 24. = Total dose for total decay of isotope 
C = concentration in pe per gram in tissue or organ in question. 
T = half life (effective if known, otherwise physical ) in days 
E, = Average 8 energy in Mev. 
I = y dose rate in r/mc-hr at 1 cm. 

= y dose geometrical factor, from tables. 





1 
2. d,,., for first week = Dz, (1— arn) rads 
3. dg. for one day (T more than 30 days) = 51.2 CE, + /.024 C TY grads 
4, C, = = " ) pe per kilogram 


Problem 1. Permissible dose for a short-lived isotope. It is desired to admin- 
ister radioactive colloidal gold, Au'®*, intravenously, to be deposited in the liver, 
which will then be scanned in a search for metastases. Some normals will have 
to be done to establish a control pattern. All the material should localize in the 
liver, and for a satisfactory scan there should be 100 uc in the organ 24 hours 
after the injection. This means an initial dose of 130 yc, or say 150 pc to provide 
a margin for error. The liver is assumed to weigh 2 kilograms. Is this a permis- 
sible dose? 


150 
Dp =——— X 2.69 (73.8 X 0.33 + 0.0346 x 2.35 x 50) = 5.7 rads. 
2000 


This is considerably in excess of the permitted 3 rads in the first 13 weeks; for 
this level the administered dose should not exceed 80 pc. However here the irra- 
diation is not to the entire body, but mainly to a single organ, and in this case the 
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average annual dose of 15 rads is applicable; this amounts to about 4 rads per 
quarter, or a permissible injection of 100 wc of Au’. The higher dose of 150 pe 
may be justified on the basis of medical desirability of the information and the 
impossibility of obtaining it with smaller doses. It is evident, however, that the 
number of normal controls should be limited, and should be chosen from the 
older age group. 


Problem 2. Permissible dose for a long-lived isotope. It is desired to use 
radioactive iron, Fe®®, in a series of studies of red blood cells. The critical dose 
will be that to the blood. The iron will be injected as a labelled plasma protein, 
will leave the plasma for the iron pool, be incorporated into red cells, and later 
as these break down, will return to the pool and recirculate. There is little or 
no elimination. For a first approximation it will be assumed that the iron is con- 
stantly in the blood, in a volume of 5 liters. However the gamma radiation is 
to the entire body, and the g constant and concentration for the gamma dose will 
have to be based on the volume of the entire body, since the vascular tree fills it. 
For a dose of 1 ye per kilogram of blood, or a total of 5 yc, the total dose is 


Dp, = 45 (0.001 x 73.8 x 0.12 + 


5 
xX QO, 6 X 6.5 X = U, A 
70, 0.0346 x 6.5 x 130) = 0.5 rad 
Since the half life is 45 days, the part of the dose delivered in 13 weeks is 


1- a 0.75 
13 xX 7 

2 45 
0.75 x 0.5 = 0.38 rads in the first quarter. The permissible rads in 13 weeks 
would be delivered by a total dose of 40 uc, or about 8 pe per kilogram of blood. 
However it must be remembered that one-fourth of the total dose of radiation, 
or about 1 rad, remains to be carried into the subsequent months. Furthermore, 
considering uncertainties as to distribution during different parts of the cycle, 
it might be better not to work at the limit if a lower value would suffice. For 
almost any blood study, 5 wc per kilogram of blood is more than sufficient; this 
leaves a reasonable margin of safety. 

Question 1. Permissible doses such as those just calculated apply to control 
individuals in an experimental series. The physician may apply larger doses if 
he feels it essential, and if the patient is expected to derive some advantage from 
the tests. Is there any restriction on the choice of individuals for normals or con- 
trols, for doses at these permissible levels? When application is made to the 
AEC for a license for an experimental program, they ask that, when possible, 
controls should be selected from people over 40 years.old. The control subject 
should be told that he is receiving radiation up to the permissible limit (if this 
is the case), and when practicable the nature of the study should be outlined 
to him. They also stress the importance of making sure that the same “volunteer” 
will not be used repeatedly, and that he is not likely to be exposed to radiation 
from other sources. Medical students, residents, nurses, or other regular em- 
ployes should not be used in this manner, although elderly orderlies or porters 
may be an exception. Patients with diseases irrelevant to the problem under 
study are often suitable controls. 
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In any case it is extremely important to keep an accurate record of all ad- 
ministrations of radioactive materials and to be certain that the same individual 
is not used by two independent groups, either for study purposes or for actual 
tests. Such lack of control might easily result in unnecessary and harmful over- 
exposure to the individual. Also the radiation from one test may render the 
other completely useless. For example, if an I'*! thyroidal uptake study and a 
Schilling test are done on the same day, the results of both are worthless, and 
may be very misleading. If the Schilling test had been done first, a background 
measurement of neck radiation prior to I'*! administration would afford a correc- 
tion factor for the thyroidal uptake test. But if the .adioiodine uptake test had 
been done first, the Schilling test should have been delayed for several days. 
Even then the I'*! excretion might have lead to falsely high readings presumed to 
be Co® unless a spectrometer were used in making the measurements. As far 
as patients are concerned, it is a simple matter to have a radioactivity sheet in 
the record, and to check it before administering any dose of any isotope. In the 
case of controls it is difficult or impracticable to keep adequate records avail- 
able to anyone who might wish to use this particular individual, and questioning 
him does not always give satisfactory information. Yet it is absolutely essential 
to have it. In each institution where experimental isotope studies are being 
carried on, some sort of central pool of information must be developed. 

Problem 3. Permissible exposure to a non-radiation patient in the same ward 
with a radiation patient. A patient has received an intra-peritoneal injection of 
150 me of radioactive colleidal gold, Au’®*. The patient in the next bed is 
about 2 meters (6 feet) away, and both patients are to remain in bed for 4 days. 
What about the radiation dose to this unsuspecting neighbor? This individual 
is continuously exposed to the radiation patient for the specified time. No £-ray 
dose will be involved; this radiation will all be absorbed in the body of the radia- 
tion patient. If we calculate the y-ray dose as from a point source, and do not 
make any allowance for absorption by the patient, we will obtain the maximum 
value; the actual dose will be somewhat less. The initial dose rate for 150 mc 
Au’®s at 2 meters is 

2.35 x 150 


200 x 200 


The dose for total decay is the dose per hour multiplied by the average life in 
hours, and the dose in 4 days is the dose for total decay multiplied by 


(I~) 


q** 


d, per hour = = 0.009 rads or 9 mrad per hour. 


Whence D, (4 days) = 9 x 2.69 x 24 x 1.443) (1— sa) = 540 mrad. 


This is the full year’s permissible dose for a potential parent, and it is not reason- 
able to give it in this manner to such a person. For an elderly individual, or one 
who is known to be incapable of having children, the dose would be acceptable. 

In some hospitals it is the rule that every patient containing more than 25 
me of any y-emitting radioactive material shall be placed in a private room. If 
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this is not practicable, the ward population should be surveyed carefully to make 
sure that neighbors are not going to receive an unreasonable dose. Also the 
radioactive patient should be as far as possible from the nurses’ station, for per- 
sonnel there may be exposed to several patients during a year’s period. 

A word of caution is also in order about the location of the bed in the pri- 
vate room in relation to beds in neighboring rooms. Cases have occurred in which 
a radiation patient’s bed was separated from that of an uninvolved individual 
only by a hollow tile partition which absorbs only a small part of the y radiation. 
This is particularly serious with such penetrating y rays as those from radium or 
cobalt-60. 

Question 2. What is the category for doctors, nurses, volunteer workers, 
etc.? What should be done about educating them? Should they all wear film 
badges? Especially, what about the pregnant worker? These people all belong 
in the occupational category, if they know that they are dealing with radioactive 
patients. This involves some sort of educational program in every hospital where 
radioactive isotopes are used. If only tracer doses are employed, the education 
may simply be a statement that such doses to patients will never constitute a 
hazard to any employee, no matter how close or continuous the contact. If thera- 
peutic doses of y-emitters may be administered, there should be periodic brief- 
ing, and question-and-answer sessions. Also at the charge desk in each ward 
there should be some sort of instruction manual regarding nursing procedures 
with radioactive patients. As an additional step, whenever a therapeutic dose 
of an isotope is administered and the data are entered on the isotope sheet in the 
patient’s chart, an appropriate nursing sheet should also be attached temporarily 
to the outside of the chart. Sheets should be available for procedures such as 
“Radioiodine for thyroid cancer”, “Radiogold intra-abdominally” and so on. This 
sheet should contain restrictions on nursing time, if any; instructions regarding 
visitors, of any; and any precautions regarding dishes, utensils, dressings, and so 
on. Sample sheets have been published (7), but the physician in charge may pre- 
fer to develop his own. Nursing personnel are accustomed to specific instruc- 
tions, and these make for confidence. 

As to film badges, this is a policy matter for the individual hospital. If rea- 
sonable restrictions on nursing time are set up as indicated below, badges are 
not necessary. However for morale purposes they are sometimes desirable, es- 
pecially at the beginning of a therapy program, or with new personnel. Data 
from any monitoring program should always be accessible to the personnel in- 
volved. 

With regard to the pregnant worker, the National and International Commis- 
sions have taken the stand that the permissible doses are set low enough so that 
no extra precautions are necessary in her case. This should be explained to her 
if the question arises. However if it appears desirable from the point of view 
of morale, she may be temporarily relieved from attendance on radiation patients. 
In this case it may be well to make it clear to her supervisor that you are yield- 
ing to a personal prejudice, not complying with recommendations. 

Question 3. How are decisions to be made as to restrictions on nursing time? 
Rough calculations can be made for the dose rate from any quantity of any iso- 
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tope at any distance, by the formula used in Problem 3. The permissible occupa- 
tional dose is 100 mrad per week, but the full month’s dose could be taken in 
one week, if there were no further exposure for the next three weeks. Assuming 
a permissible exposure of 300 mrad in one week of a month, and a 5-day week, 
this means a permissible 60 mrad per day during that week. Table 1 below has 
been developed on this basis, and gives permissible times at different distances 
from different quantities of I'*! or Au’, to result in a dose of 60 mrad. These 
times hold approximately for the first two days. By the third day the gold has 
decayed to almost half, and at least half of the iodine has been excreted, hence 
the times may be doubled. For example, if a patient has received 150 mc of 
Au!®8 and the nurse spends 34 hour during the first day at a distance of two feet, 
she has used up her permissible time for that day. However there is very little 
possibility of her needing to spend that much time so close. If she spent % hour 
at that distance she would only use % of her permissible exposure; she could 
spend 2 hours at 4 feet, and so on. For floor nurses, time allowances are ample. 
Private dutv nurses spending much time in the patient’s room should be cau- 
tioned to stay a few feet away during the first days. 


TABLE 1—PERMISSIBLE TIMES AT VARIOUS DISTANCES FROM 
A PATIENT WHO HAS RECEIVED AU? OR I?! 








Initial dose Number of Hours Maximum for Each of First Two Days* 
(mc) 2 Feet 3 Feet 4 Feet 6 Feet 





200 % 1 4 
150 34 1% 6 
100 1 2 8 
50 2 4 Over 12 
25 4 8 Over 12 Over 12 





*After the second day all times may be doubled; after the fifth day they may be doubled again. 


Question 4. Can you give some specific information about cleaning up 
spills,—what level of contamination may be left? Information about this question 
is found in National Bureau of Standards Handbook 48, Control and Removal 
of Radioactive Contamination in Laboartories (8). However the rules there 
about residual activity are not always clear. Of course, if possible, decontamina- 
tion should be carried to such a level that there is no activity above background. 
But the removal of the last bit is often hard to achieve, so we have set rather 
arbitrary levels. For a tray, table top, or other working surface, contaminated with 
a short-lived isotope, a survey meter held closed above the surface should register 
no more than 5 times background, and it must be ascertained that the remaining 
activity is firmly fixed and can not be rubbed off. If the reading is higher, the 
tray may be put away for a time, but the table top must either be covered (for 
B-emitters ) or scraped (for y-er ‘itters). This last procedure may involve a dust 
hazard that should be watched. On the floor, 5 times background for an area of 
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a few square feet is acceptable; 10 times background for a few square inches, 
again when it is firmly fixed. It is, however, a good idea to cover these spots or 
barricade them when practicable, to prevent scuffing up of contamination by 
walking on it. 

Of course there are many other problems and questions which might be con- 
sidered. I have endeavored to select representative ones from those which are 
often asked of me. Similar developments may be made in many cases. For others, 
there is increasingly adequate information available in the literature. (9, 10, 11) 
The basic consideration must always be to give enough radioactive material to 
get the desired information but no more. If it is very important to have the re- 
sult of the test, a higher dose is justified than if it is simply a matter of interest. 
But the fact should never be forgotten that any unnecessary radiation is unde- 
sirable radiation. Therefore the aim should be not to administer the permissible 
dose, but as small a fraction of it as is practicable. 
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Radiosulfur (S*) Labeled Congo Red Dye 


Charles T. Knorpp, Mary H. Rennie, and Donald R. Korst, M.D. 


Ann Arbor 


Congo Red, an organic dye with an affinity for amyloid tissue, has been 
used in the diagnosis of amyloidosis by photometric determination of plasma 
clearance(1,2). The dose used (200—300 mg) has been known to produce 
serious side effects and sensitivity in patients(3). An attempt has been made to 
appreciably reduce the amount of dye used in the test by incorporating a radio- 
active label in the molecule. Radiosulfur, (S*°, half life 87.1 days, beta particle 
.167 MEV) appeared to be the only inorganic tracer suitable for this synthesis. 


METHOD AND MATERIALS 
Step 1. Preparation of 1-naphthylamine acid sulfate 


A 70 per cent solution of sulfuric acid consisting of 1.6 millimoles of con- 
centrated S*5 sulfuric acid (approximately 30 »c/mg), 0.3 ml of concentrated 
non-radioactive sulfuric acid and 0.27 ml of water, was prepared in a beaker. 
This solution was heated on a steam bath and one gram of 1-naphthylamine was 
added in small portions with stirring. The solid product was stirred at the 
temperature of the steam bath for an additional 10 minutes. Any unreacted 
l-naphthylamine was removed by treating the acid sulfate salt with gently - 
boiling carbon tetrachloride for about 10 minutes. The white crystals were 
filtered by suction, washed with a few ml of warm carbon tetrachloride, and 
air dried overnight. From this step 1.7 gm of crude 1-naphthylamine acid sul- 
fate was obtained for use in the next step without further purification. 
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PREPARATION OF SODIUM NAPHTHIONATE 


NH, NH*HS*0,- 


o -NAPHTHYLAMINE 


NHS NH, 
195-200°C. < NAOH 
ee oS 
18-22 HOURS H,O 
s*0,- SOF Na” 


NAPHTHIONIC ACID SODIUM NAPHTHIONATE 


Fic. 1. Preparation of Sodium Naphthionate. 


Step 2. Preparation of Sodium Naphthionate: (Sodium 1-naphthylamine— 
4-sulfonate). (Fig. 1) 


The 1-naphthylamine acid sulfate prepared in step 1 was added to a single 


necked 100 ml round bottom flask, fitted with a straight distilling tube with a 
vacuum take-off. The flask was evacuated to a pressure of about 150 mm and 
half submerged in an oil bath at approximately 100°C. The temperature of the 
bath was slowly raised to 200°C over a period of 45 minutes. At 175-180°C, the 
solid acid sulfate salt began to soften and became molten at a bath temperature 
of 190-195°C. At this point, a vigorous bubbling of the salt was observed and 
shortly after a gradual hardening of the reaction mixture to an opaque, tan 
colored material occurred. The flask and contents were heated in an oil bath 
at a temperature of 195-200°C for a period of 18-22 hours. The flask was then 
allowed to cool at room temperature and 25 ml of a 5 per cent sodium hydroxide 
solution was added to convert the crude naphthionic acid to its sodium salt. 
The solid rapidly dissolved in the alkaline solution. The small amount of black 
insoluble material remaining was separated by suction filtration. The filtrate was 
saturated with sodium chloride causing the precipitation of the less soluble 
sodium naphthionate as granular, pale violet crystals. After standing for 2 hours, 
the sodium naphthionate was filtered by suction and dried. The crystals were 
transferred to a small beaker and a few ml of carbon tetrachloride were added. 
The mixture was gently boiled on a steam bath for 10 minutes, filtered and 
finally washed with warm carbon tetrachloride. The yield of dry sodium 
naphthionate (contaminated with a small amount of sodium chloride) was 1.1 gm. 


Step 3. Preparation of Congo Red. (Fig. 2) 


A solution of 33 gm of benzidine and 0.87 ml of concentrated hydrochloric 
acid in 25 ml of water was prepared in a 200 ml beaker which was then placed 
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in an ice water bath. Fifteen ml of a solution of a sodium nitrate (26 gm in 20 ml 
water) was added to the chilled benzidine hydrochloride solution. The re- 
mainder of the sodium nitrate solution was added in small portions until a slight 
excess of nitrous acid was present in the reaction mixture as evidenced by a 
positive test to starch-potassium iodide paper. The solution of tetrazotized ben- 
zidine was allowed to stand at 0°C for 5 minutes and then added with stirring 
to a chilled solution of 1.1 gm of sodium naphthionate and 1.4 gm of sodium 
acetate in 100 ml of water. The mixture was allowed to stand in the cold for 
1 hour with occasional stirring. After the addition of one gram of sodium 
carbonate, the mixture was placed on a steam bath and gradually heated to 
75-80°C. The dye had now been converted to the red, water soluble sodium salt 
Congo Red. The hot solution was filtered by suction through a mat of diat- 
maceous silica, the deep red filtrate was reheated to 75-80° and saturated with 
sodium chloride. The mixture was allowed to stand at room temperature for 
several hours until the Congo Red had settled to the bottom of the beaker as 
a sludge leaving a clear colorless supernatent. The dye was isolated by filtration, 
washed with a saturated solution of sodium chloride and dried in air. 

The crude Congo Red was then dissolved in 100-200 ml of water and filtered 
through a mat of diatomaceous silica. The filtrate was then dialyzed for 30 hours 
against tap water to remove the sodium chloride. The yield was 1.5 gm of 
dry salt with a specific activity of 0.54 pc/mg. 


PREPARATION OF CONGO RED 


HeN & ¢\ NHe te, cr ml “YL S-nser 


BENZIDINE 


an )4 ere Ob- ars OOnex0 


FOS Na* Moyne 
SODIUM NAPHTHIONATE CONGO RED 


Fic. 2. Preparation of Congo Red. 


RESULTS 


The labeled Congo Red was diluted to a dry weight concentration of 4.8 
mg/ml or 2uc/ml and autoclaved. White rats of 150 gm weight were injected 
intraperitonially with 3 ml of this material and sacrificed at 24 and 72 hours and 
12 days. At 24 hours, there was 9.0 percent of the administered dye in the blood 
of the rat. In the tissues the greatest amounts were in the liver (1.0 percent) 
and the spleen (0.2 percent). At 72 hours, the percentage in the blood had 
fallen to 2.0, liver 0.4 and spleen 0.5 with corresponding drops in other organs. 
After 12 days, the greatest amounts were in the spleen (0.3 percent) and the 
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blood (0.09 percent). Attempts to produce amyloidosis in rats and rabbits with 
various elaborate bacteriological products failed (4,5). 

Intravenous plasma clearance tests in human subjects revealed that the 
disappearance rate was extremely rapid for the first 15-20 minutes after injection 
of 3 ml of dye containing about 15 yc S**. The point of equilibrium was found to 
be 15-20 minutes. In nine healthy control subjects, the mean percent of admin- 
istered dose remaining at 17 minutes (point of equilibrium ) was 34. (Fig. 3) The 
slope of the second portion of the curve was more gradual with means of 
24 percent and 15 percent of the administered dose remaining in the plasma at 
one and two hours after injection. Total plasma volume was estimated from 
patient’s weight and hematocrit on the basis of 68 ml/Kg for female and 72 
ml/Kg for male total blood volume. The hematocrit (Wintrobe) normals used 
were 38 percent for females and 42 percent for males. 


POINT OF EQUILIBRATION: 34% (23 - 52) 
TIME OF EQUILIBRATION: 17 MIN. (6 = 30) 
ONE HOUR AFTER INJECTION: 24% (15 - 34) 
TWO HOURS AFTER INJECTION: 15% (10 - 22) 


PLASMA CLEARANCE OF INTRAVENOUS CONGO RED 
(S35) IN 9 NORMAL SUBJECTS PRESENTED AS MEAN% 
OF ADMINISTERED DOSE PRESENT IN CIRCULATION 
AND RANGE OF VALUES. 


Fig. 3. 


It was apparent that the labeled dye was being rapidly removed from 
the circulation probably by the liver and that if hepatic cell excretion of the 
dye could be blocked, perhaps a better determination of normal radioactive 
Congo Red clearance could be obtained. Accordingly, the test was performed 
on three patients with normal liver function as indicated by previous Brom- 
sulphalein (BSP) retention tests and three with abnormal liver function. In- 
itially, the serum clearance was determined on these patients using 12 mg of 
radioactive Congo Red administered intravenously. After an interval of a few 
days, the test was repeated. For the second test, five mg of BSP per Kg body 
weight was administered fifteen minutes before 12 mg of labeled radio-Congo 
Red dye. The BSP tends to slightly decrease the plasma disappearance of the 
Congo Red dye throughout the entire test (Table 2). This difference is more 
evidenced in the patients with liver impairment and closely parallels the ade- 
quacy of liver function (Fig. 3, 4 and 5). 
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In one patient with known amyloidosis of the skin secondary to Walden- 
strom’s macroglobulinemia and having normal liver function, the point of equilib- 
rium was identical (15 percent at 5 min.) with or without the preliminary BSP. 
The values at 1 hour and 2 hours were also 15 percent. This is a significant dif- 
ference from the 32-35 percent and 50-62 percent figures for the patients with 
either normal or abnormal liver function but no amyloid disease. 


NORMAL LIVER FUNCTION MEAN (RANGE ) 
POINT OF EQUILIBRATION: 32.0% (25 - 41) 12 MIN. 
AFTER BSP 35.0% (31 - 40) (5 - 15) 
ONE HOUR AFTER INJECTION: 24.0% (20 - 30) 
AFTER BSP 33.0% (29 - 40) 
TWO HOURS AFTER INJECTION: 20.0% (19 - 23) 
AFTER BSP 26.0% (23 - 29) 
BSP 45 MIN. RETENTION 3.6% (1.9 - 4.9) 
LIVER IMPAIRMENT 
POINT OF EQUILIBRATION: 50.0% (23 - 74) 12 MIN. 
AFTER BSP 62.0% (40 - 88) (5 - 15) 
ONE HOUR AFTER INJECTION: 40.0% (18 - 54) 
AFTER BSP 67.0% (37 - 89) 
TWO HOURS AFTER INJECTION: 37.0% (17 - 68) 
AFTER BSP 67.0% (35 - 97) 
BSP 45 MIN. RETENTION 24.5% (10.5 - 41) 





PLASMA CLEARANCE OF INTRAVENOUS CONGO RED (S35) AND REPEAT 
TEST FOLLOWING BROMSULPHALEIN IN 3 NORMAL AND 3 SUBJECTS 
pb HEPATIC IMPAIRMENT. VALUES AS PERCENT OF ADMINISTERED 


Fig. 4. 


Radiosulfur determinations were done using a liquid scintillation counter. 
The samples were prepared according to the method of Chen (6). For this 
method, 0.1 ml of serum was dissolved in 1.0 ml of hydroxide of Hyamine (Pack- 
ard Instrument Co.) A 5 ml aliquot of a liter of a phosphor solution containing 
4 gm of 2,5-diphenyloxazole and 0.75 gm of 1,4-bis-2-(5-phenyloxazolyl )-benzene 
was then added. One ml of absolute ethanol was then added and the sample 
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was shaken vigorously. The samples were allowed to cool at 5°C and counted 
in a Packard Tri-Carb Scintillation Counter. The standard was prepared by 
making a 1:1000 dilution of an aliquot of the injected labeled congo red. 


DISCUSSION 


It should be noted here that there was no evidence of metabolism of Congo 
Red in rats injected with 3 ml of Congo Red solution. Bone samples after 24 
and 48 hours showed no evidence of radioactive sulfur in the joint tissue. 

Figures 3, 4 and 5 are representative curves of Congo Red plasma clearance 
tests performed on patients with normal and with abnormal liver function. The 
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Fig. 5. The normal radioactivity clearance curve (solid line) is the same as the dye clearance 
following a pre-loading dose of Bromsulphalein (dotted line). 


dotted line represents the test performed with 5 mg BSP per Kg. prior to the 
administration of the Congo Red. It may be seen that while the bromsulphalein 
increases the retention of the Congo Red in the blood in subjects with hepatic 
damage, the shape of the curve is quite similar. The solid line represents the 
clearance of the Congo Red. It is felt that no advantage is to be gained in 
attempting to block the retention of Congo Red by the liver. 





s*° LABELED CONGO RED 


DA. 
IST. TEST 4-22-59 
2ND WITH BSP 5-6-59 


BROMSULPHALEIN 
RETENTION 10% 


PERCENT 
OF 
ADMINISTERED 

DOSE 50- 


40- 


30- 











is Bw 60 
TIME IN MINUTES 





Fig. 6. In moderate cirrhosis, the BSP loaded curve (dotted line) of congo red radioactivity 
is somewhat slower than the congo red clearance alone. However, the lower curve is 
still in a significant range for interpretation. 


SUMMARY 


Congo Red Dye containing S*° has been prepared by the coupling tetrazo- 
tized benzidine with sodium naphthionate. Naphthionic acid was prepared by 
the thermal re-arrangement of l-naphthionic acid sulfate, the latter material 
containing the S*° isotope. 

The S** labeled Congo Red Dye distribution was studied in normal rats. 
Attempts to produce amyloid tissue in rats by injections of bacteriological prod- 
ucts failed. 

Plasma clearance tests using 12 mg of the labeled dye containing approxi- 
mately 15 pc of S*° in human subjects seemed to parallel liver function, and 
attempts to block the removal of the Congo Red by saturating the reticuloendo- 
thelial system with bromsulphalein resulted in increased retention of the Congo 
Red. In one patient with amyloidosis of the skin secondary to Waldenstrom’s 
Macroglobulinemia and normal liver function, there was a significant difference 
in the retention of Congo Red as compared with normal subjects. 
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Fig. 7. In severe liver disease, removal of congo red is markedly impaired. Presence of 
amyloid tissue in this situation should be readily detectable. 
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The study of fat metabolism has been limited because it has always in- 
volved many difficult technical procedures. During the past several years interest 
in this problem has increased because of the accumulation of evidence that 
atherosclerosis maybe an effect of abnormal lipid metabolism. Thus, the need 
for simpler methods of investigating fat metabolism is readily apparent. 

Recently, a new tool, radioactive fat, has become available and appears to 
satisfy this need. 

The material may be obtained in the form of triglyceride, triolein, or as the 
free fatty acid, oleic acid. It is made radioactive by the addition of I'*! to 
the double bond in the molecule. Chemical and electrophoretic data have 
showed that when these tagged lipids are ingested they undergo changes similar 
to non-radioactive fats thus validating their use in metabolic studies.(1) 


This report summarizes those conditions in which we have found isotopic 
lipid technics to be of value. 


PROCEDURE 


The tagged substances may be administered by two methods: 1. as a liquid 
test meal containing 25 pc of triolein or oleic acid in a total volume of 1 ml/Kg 
of body weight of peanut oil, or 2. in a capsule form in which the same activity 
of fat is incorporated into a volume of 0.5 ml. 
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Lipotropic Research Foundation, and the Heart Association of Southeastern Pennsylvania. 
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Venous blood is drawn before and at serial times after ingestion of the meal 
until a maximum blood radioactivity concentration is reached, and then again 
. the following morning (24 hours later). Each sample is assayed for whole blood 
and lipid-bound radioactivity, the values being expressed as a percentage of the 
initially ingested fat. In addition, various chemical determinations (triglycerides, 
unesterified fatty acids, and turbidity) have been made in certain instances. 

If malabsorption is considered to be a possibility, stools are collected over 
a 72 hour period and assayed for radioactivity. 

Urine radioactivity determinations have not proved to have any specific 
diagnostic value and are not routinely carried out. 


RESULTS IN NORMALS 


After ingestion of the fat, either in liquid or capsule form, the blood radio- 
activity concentration gradually increases to a peak value by the 4th hour in 
the case of the capsule; or by the 6th hour when the liquid meal is given. There- 
after these levels gradually decrease so that by the 24th hour only a small amount 
of activity remains in the blood (Fig. 1). The average values during the course 
of the tolerance test do not vary significantly using the capsule or liquid. 

A flat blood curve is occasionally obtained in normal individuals and in itself 
has no significance. The rate of absorption of an oral test meal is profoundly 
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Fig. 1. Radioactive fat tolerance test in normal subjects. (WB = whole blood, LB = lipid 
blood, RA = radioactivity ) 
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t'S' tRIOLEIN AND OLEIC ACID ABSORPTION 
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Fic. 2. 1131-triolein and oleic acid absorption patterns in steatorrhea due to sprue and 
chronic pancreatitis. (Ol = oleic acid, Tr = triolein) 


influenced by the rapidity of gastric emptying.(3) Thus, a flat fat tolerance 
curve may be anticipated to occur with about the same frequency as a flat 
glucose tolerance response,(4,5) or even more often because of inhibiting 
effects of the fat on gastric motility.(6) Only when this type of response is ac- 
companied by an elevated stool radioactivity assay can malabsorption be re- 
ported. We believe that a summation of several hourly blood levels may give 
misleading information. (7,8) 


RESULTS IN VARIOUS DISEASE STATES 


Malabsorption 


The availability of isotopically labeled fat when compared with the con- 
ventional non-tagged procedures such as fat balance studies or duodenal intuba- 
tion for pancreatic secretions makes these newer technics much more acceptable 
to the practicing physician. 

Our experience(9) as well as those of increasing numbers of other groups 
(2,7,10-18) attest to their value in many difficult diagnostic problems concerned 
with malabsorption states or in the differentiation of steatorrhea (Fig. 2). 

More recently, studies have indicated that in the clinical differentiation of 
jaundice, radioactive triolein and/or oleic acid test meals may delineate the 
etiology and may be especially helpful in suspected cases of obstructive jaundice 
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where the site of the block is not readily apparent by other clinical means(19). 
Thus, the liver function studies in the presence of intrahepatic cholestasis due 
to infectious hepatitis or drug toxicity, may be identical to those associated with 
common duct stones or carcinoma of the head of the pancreas. However, only 
with pancreatic carcinoma would there be an absence of intestinal lipase which 
is necessary for neutral fat digestion and absorption. Accordingly, in this con- 
dition, oral I**! triolein studies show flat blood radioactivity levels with elevated 
stool activity as compared to normal responses in cases of intrahepatic obstruc- 
tion due to chlorpromazine (Fig. 3). 


I'5' TRIOLEIN ABSORPTION IN 
CHOLESTATIC JAUNDICE 
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Fig. 3. Radioactive fat absorptive patterns in cholestatic jaundice. 


Studies currently in progress have indicated that congestive heart failure 
may also be associated with impairment of fat absorption possibly as a result of 
the edema of the intestinal mucosa(20). This may be a significant factor in the 
weight loss so prominant in this state. Furthermore, it may open the way to 
newer therapeutic approaches in view of recent observations concerned with 
the importance of fat in the metabolism of cardiac muscle(21). 

Although we initially used liquid test meals in these malabsorption studies, 


a capsule containing the tagged material has produced comparable results and 
is now being used routinely with much greater acceptance by the patient. 
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Coronary artery disease, diabetes, hypercholesterolemia, and obesity 


Radioactive fat tolerance tests in these conditions have demonstrated striking 
alterations from normal. Here, contrary to what is seen in malabsorption states, 
the blood radioactivity levels have been higher and much more prolonged even 
after 24 hours( 22-24) (Fig. 4). 

In coronary artery disease, abnormal radioactive fat tolerance has been more 
consistently found than any other serum lipid deviation such as elevated choles- 
terol, triglyceride or unesterified fatty acid levels(25). These data give further 
support to current thinking which incriminates atherosclerosis with abnormal 
lipid metabolisum. Future studies may reveal the diagnostic value of an ab- 
normal fat tolerance test in an apparently “well” individual as an indication of 
potential coronary artery disease before clinical manifestations are present. 
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Fig. 4. Characteristic radioactive fat tolerance test in patient with coronary artery disease. 
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Fig. 5. Radioactive fat absorptive patterns with and without simultaneous administration of 
sitosterol (Cytellin). 


The presence of impaired radioactive fat tolerance in a large percentage 
of obese, diabetic, and hypercholesterolemic subjects may be a factor in the 
increased incidence of atherosclerosis in these states. 

Although a capsule test meal may be used in these metabolic studies, this 
volume of fat does not produce any post-prandial elevation in the serum lipid 
fractions, thus permitting only the determination of radioactivity levels in the 
blood. When a liquid test meal containing the radioactive triolein in a total vol- 
ume of peanut oil equal to 1 ml/Kg of body weight is used, the blood activity 
values may be correlated with simultaneous determinations of triglycerides, 
unesterified fatty acids or other substances. Present data suggest that the. ab- 
normal radioactive fat tolerance curves found in coronary artery disease are a 
reflection of a defect in triglyceride metabolism (26). 


OTHER USES FOR RADIOACTIVE FAT 


Study of the effects of various agents on fat absorption 


Tagged fat technics may be ideally applied to the evaluation of various drugs 
which may affect fat absorption either by increasing or decreasing it. Thus, 
in the treatment of sprue, the clinical improvement noted following the admin- 
istration of steroid therapy may be corroborated by objective evidence of in- 
creased fat absorption( 14,17). Conversely, the ability of various substances to 
decrease fat absorption may be studied with relative ease. Figure 5 demonstrates 
the inability of sitosterol to affect any significant changes(27). 
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Another interesting field to which these techniques may be applied is the 
investigation of the effect of carbohydrate and/or protein on fat absorption. 
Studies by Albrink(28) have revealed that the post-prandial rise in serum trigly- 
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Fig. 6. Effect of simultaneous ingestion of glucose on radioactive fat absorption. 
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Fig. 7. Radioactive fat tolerance tests before (I) and after (I) prolonged administration of 
nicotinic acid showing no improvement even though the blood cholesterol was re- 
duced (450 mg to 250 mg). 
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cerides and turbidity following a fat meal is markedly diminished by the con- 
comitant feeding of glucose. We have confirmed this with tagged fat (Fig. 6). 


Evaluation of cholesterol-lowering agents 


At the present time, considerable significance is placed on the prognostic 
implications of an elevated serum cholesterol and various agents are recom- 
mended for its reduction( 29-33). Our experiences with these and others made 
available to us for clinical trial have shown that although in a certain number 
of cases a reduction in the serum cholesterol may be achieved, in no case has 
this been accompanied by improvement in fat tolerance (Fig. 7) (27,34). Thus, 
emphasis on the reduction of the serum cholesterol, or any other lipid fraction 
of the serum, does not appear to be a rational therapeutic approach to the prob- 
lem of atherosclerosis. The restoration of normal fat tolerance is a more logical 
objective. 


FUTURE USES FOR RADIOACTIVE FAT 


Further applications 


We are pursuing three major avenues of investigation, although many others 
are possible: 1. the standardization of a simplified oral radioactive fat tolerance 
test that may be used as a screening device to detect the presence of a defect in 
lipid metabolism and thus help to identify individuals who may be predisposed 


to coronary artery disease before clinical manifestations are present; 2. the study 
of many other conditions possibly concerned with lipid metabolism such as hypo 
and hyperthyroidism, and pancreatitis; and 3. the use of an intravenous radio- 
active fat emulsion as a metabolic tool. 


SUMMARY 


Radioactive fat and fatty acid are new tools that are now available to study 
various problems concerned with lipid metabolism. 


In the diagnosis of malabsorption states and in the differentiation of steator- 
rhea, blood and fecal radioactivity levels after an oral test meal of these sub- 
stances are extremely helpful. The more precise localization of the site of ob- 
struction in cases of cholestatic jaundice may also be revealed. 

Tolerance tests in coronary artery disease, diabetes, hypercholesterolemia 
and obesity have demonstrated characteristic alterations from normal, notably 
elevated and prolonged post-prandial blood radioactivity levels. 

Other uses for these tagged lipids include the study of changes in fat ab- 
sorption induced by various therapeutic agents such as steroids and sitosterol, 
and the evaluation of cholesterol-lowering agents. 


Further applications of these procedures should lead to improved under- 
standings of many basic fundamentals in lipid metabolism. 
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I'’* Diodrast for the Determination of 
Renal Clearance and Renal Tubular Mass 


Rose H. Parker, M.D., and 
William H. Beierwaltes, M.D. 


Ann Arbor 


Lt Asay doae Schlungbaum and Billion reported in the German literature the 
use of I!8! Jabeled diodrast in the diodrast clearance, C,, measurement of 
renal plasma flow (1). Their procedure was designed to give satisfactory re- 


sults with a test of fairly constant duration. We wish to report a study designed 
to demonstrate that results using I'*! diodrast in clearance studies in normal sub- 
jects are similar to values anticipated in these individuals using the same clear- 
ance techniques with stable diodrast. An attempt has been made to develop the 
method so that it is adaptable to experimental situations and to extend its use 
to the determination of renal tubular mass, Tm). 


METHOD 


Subjects 


Seven males, 15 to 57 years of age, and three females, 44 to 50 years of age, 
were studied in the basal state. They had no clinical or laboratory evidence of 
renal disease, and were normotensive and afebrile. All were hospitalized. Five 
patients had C,, determinations only. Of these five, one had the test repeated 
after five days and two others subjected themselves to five or six test periods fol- 
lowing the basal testing while the effect of posture on C,, was observed. In four 
additional patients, two had Tm, measurements performed immediately after 
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their C,, determinations and two had Tm,, measurements a week after the C,, de- 
terminations. The remaining patient had a Tm, measurement only. 


Procedure 


Both diodrast clearance and Tm diodrast tests of renal function were per- 
formed following the technique of Smith, Goldring, and Chasis (2). Breakfast 
was omitted and hydration was begun by the oral administration of 1000 ml of 
water over a period of one hour. Hydration was continued by oral administra- 
tion of 200 ml of water every one half hour until termination of the test. A 30 
minute equilibration period followed the priming dose of the test materials. Sus- 
taining intravenous infusions were given at a rate of 3.5 ml/min. using a con- 
stant infusion apparatus. Collection periods were from 15 to 30 minutes in dura- 
tion. Blood specimens were obtained at the midpoint of each period through a 
trocar needle in the contralateral antecubital vein. Urine was collected through 
a freely flowing indwelling urethral catheter and the bladder was washed at least 
twice with 30 ml of saline at the termination of each period. 


The I'*! diodrast! had a specific activity of .011 to .063 mc/mg at the time 
of use. The amount of activity employed in the tests varied from 8 to 50 ye for 
C,, and from 30 to 50 uc for Tm, measurements. Figures correlating radioactivity 
administered with body weight and duration of the testing are 0.16 to 0.56 
pe/Kg/hr. for C,, tests and 0.36 to 0.84 »c/Kg/hr. for Tm, tests. The highest 
doses were used when the Tm, immediately followed the C,, measurement. 

Two methods were employed for calculating the amount of activity to be 
used for the priming and sustaining doses in C,, measurements. The method of 
Schlungbaum and Billion (1) was used in three patieuts. The active material 
was diluted in saline to an amount convenient for handling, usually 25 ml. In two 
of these tests 350 mg of stable diodrast was added in order to stimulate the ex- 
periments of Schlungbaum and Billion and in the third none was added, the 
total amount of diodrast being 2.2 mg. One fourth of this mixture was given as 
the priming dose while the remaining three quarters was added to a saline in- 
fusion of sufficient volume to run for 90 to 120 minutes. 

The second method employed was applicable to C,, tests done alone but 
was essential to C,, done just preceding the Tm,. This second method employed 
was identical to the standard non-radioactive clearance test (3), the labeled ma- 
terial added to sufficient 35 per cent stable diodrast? to maintain a constant 
blood level at or just below 0.05 mg/ml during C,, and at 0.5 mg/ml during Tm, 
determinations. The priming and sustaining doses were estimated taking body 
weight and duration of test run into consideration by means of the following 
calculations: 


For C,: 
.05! x 4002 x Kg body weight 
350 





Priming Dose = = ml 35 per cent diodrast. 





1. Abbott Laboratories. 
2. Winthrop-Stearns, Inc. 
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-_ Estimated C,, x .05** X time in min. test run 
Sustaining Dose = 





= ml 35 per 
350 cent diodrast 

For Tm): 

5% x 400 x Kg. body weight 


ie 
Priming Dose 350 





= ml. 35 per cent diodrast 


Sustaining Dose = 
Est. Tm, X 2 X (est. inulin clearance X 0.72 x .5) 


X time in minutes test to run 
= ml. 35 per 


350 cent diodrast 


Active diodrast was mixed with the total amount of stable material indicated 
by the above formulas, plus in the case of Tm, determination, an added 4-5 ml 
for use as a standard. Aliquots of this mixture were used for the priming and 
sustaining doses. The mass and volume of the radioactive material added was so 
small that it was disregarded. 





Inulin‘ was used to determine glomerular filtration rate or inulin clear- 
ance, C,, simulanteously with the Tm, measurements. The priming and sus- 
taining doses were calculated to maintain a constant plasma level close to 0.25 
mg/ml (3). 


Hematocrits were determined in duplicate during the tests. 


Analytical Method and Treatment of Data 


For each period, undiluted plasma, urine diluted usually 1.20, and in the 
case of Tm), a diluted standard, were counted in duplicate 2 ml aliquots for suf- 
ficient time to obtain 6400 counts. In three tests 2 ml aliquots of whole citrated 
blood were counted. All counting was done in a scintillation well counter having 
a well factor of 2.27 (Nuclear Chicago Model 183). Background ranged from 
3 to 4 cts./sec. Counts were converted to counts/sec./ml and in the case of Tm, 
to mg/ml diodrast iodine. 


175 X cts./sec./ml 


* (mg/ml diodrast iodine Cie feen fal standard ) 








. Or figure derived from estimation of: 
Tm, X 2 
C, — (.72 X C,) 
3 
2. Diodrast volume of distribution of 40 per cent. 
3. Or figure derived from estimation of 
Tm, in mg. diodrast I X 2 X3 
Gc. — (.72 x C,) 





. Warner-Chilcott Laboratories. 
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Diodrast clearance was calculated by inserting counts/sec./ml in urine and 


plasma directly into the clearance formula, C, = ~ where U = cts./sec./ml 


of urine, V = ml of urine flow per minute and P = cts./sec./ml plasma. Effective 
renal blood flow (ERBF) was calculated from this result using the formula: 


ERBF = Cp 
1.00 — hematocrit 





ERBF was also calculated as ~ when counts were done in whole blood, the 
B referring to cts./sec./ml of whole blood. 


Inulin levels in plasma and urine were determined by a modification of Roe’s 
Resorcinol method (4) and inulin clearance, C, calculated by the usual method. 


Tm,, was then derived from: 
Tm, = UV — C, X 0.72 x P 


In this formula U= mg. of diodrast I/ml of urine. V = volume of urine flow in 
ml/min. C, = inulin clearance in ml/min. P = mg diodrast iodine/ml/plasma 
and 0.72 is a constant considered satisfactory for most clinical purposes instead 
of FW in the clearance formula (5). [F is the fraction of diodrast which is free in 
plasma (6) and W is the fraction of water in plasma (1.00 — % plasma protein) }. 


100 


Corrections were made for 6 minute delay time in cases in which plasma 
levels of the test substances were not constant. Results of each test period were 
averaged in computing clearance rates and Tm,. The values were reduced to a 
standard 1.73 sq. meter surface area. Surface area of the subjects was estimated 
from height and weight according to the Du Bois formula. 





RESULTS 


Renal Clearance, C,, 


The C,, determinations in nine normal patients are shown in Table 1. Eight 
fell within one standard deviation of the normal range found by other investi- 
gators using the same clearance procedure with stable diodrast (7). The excep- 
tion fell within two standard deviations of accepted normal. In the one subject in 
whom the test was repeated, duplication of results was well within the range of 
known day to day variability in C,, (8). 


Renal Tubular Mass, Tm,, 


The results of Tm, measurements are shown in Table 2. Four of the five 
fell within one standard deviation of normal values. The fifth was slightly above 
the mean plus two standard deviations. 
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TABLE 1. Va vues For [!*! LaseLep Dioprast CLEARANCE IN 
Patients With NorMAL RENAL FUNCTION COMPARED 
Wir Expectrep NoRMAL BY STANDARD METHOD. 








Patients Age 


Males 
15 
17 
21 
21 


54 
57 


Females 

V.S. 44 
LS. 48 
ELL. 50 


C,, with [34 
(ml/min. )* 


590 
662 


523 
603 


C,, with Stable 
Diodrast (ml/min. )* 


697 + 136 
(655) 


594 + 102 
(600) 





a. All figures corrected to 1.73 square meter body surface area. 


Whole Blood 


In the three patients in whom the clearance was calculated on the basis of 
counts on whole blood the values obtained at each clearance period were con- 
sistently 15 to 25 per cent lower than effective renal blood flow calculated from 
the C,, using the hematocrit. As indicated in Table 3, this appears to be a fairly 
constant value over a number of clearance periods for each individual. 


TABLE 2. VALUES FOR TM, WirtH ['*! LaBeLep Dioprast IN PATIENTS 
Witn Norma RENAL Function CompareD WitH EXPECTED 
NorMAL By STANDARD METHODs. 








Patients Age 


Tm, with [1 
(mg. diodrast 
iodine/min. )* 


Tm, with Stable Diodrast 
(mg diodrast iodine/min. )* 





Males 

H.W. 15 
J.F. 17 
R.G. 27 


C.H. 38 
TE. 57 


44 
73 
52 


49 
55 


51.8 + 8.73 
(49.9) 





a. All figures corrected to 1.73 square meter body surface area. 
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Long Tests 


In the C,, determinations modified by having the patient stand after three 

initial periods done under basal circumstances, changes in ERPF secondary to 
change in posture in these individuals were demonstrable. This was most ap- 
parent in V.S. who developed transient hypotension with pallor and diaphoresis 
late in the first period of quiet standing. Figure 1 demonstrates the correlation 
obtained between C,,, C,, rate of urine flow and blood pressure. 
The second patient did not become syncopal but similar changes of less mag- 
nitude were observed. With the fall in clearance in these studies activity in the 
plasma increased but in the long periods, 25 to 30 minutes, used in these studies 
correction for 6 minute delay time was inconsequential. 


DISCUSSION 


The foregoing findings indicate that stable and I'*! labeled diodrast are 
handled alike by the renal tubule, and are similarly distributed in body fluids. 
Effective renal plasma flow, ERBF and Tm, values by the I**! diodrast technique 
are satisfactory for many clinical purposes. The simplicity of the determination 
by the isotope technique may aid in reducing error in C,, tests. The fact that the 


TABLE 3. UNCORRECTED CLEARANCE VALUES OBTAINED IN 
EAcH OF THREE PErrops* 











1 2 3 4 
UV UV G. 
-_— 7 2 1-Ht. 
% Difference 
Patient (ml./min.) (ml./min.)  (ml./min.) Between 2 and 3 
LS. 483 673 894 25 
429 : 601 784 24 
358 * 663 663 23 
K.W. 433 571 733 22 
412 523 698 25 
371 519 628 19 
E.B. 756 1106 1303 15 
685 982 -1181 17 
712 1019 1220 17 





a. First column shows standard diodrast clearance, second column the ERBF calculated 
on the basis of counts on whole blood, and third column the conventional calculation for ERBF. 
In column four the percentage difference between the two methods of calculating ERBF is 
shown. 
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Fig. 1. [131 labeled diodrast clearance, volume urine flow, inulin clearance and blood pressure 
in one patient during eight 25 minute periods. Patient reclining periods 1 to 3 and 7 
and 8, standing during periods 4 to 6. Transient syncope occurred late in the 4th 
period. 


small amount of I'*! necessary for the C,, tests will not alter urine osmolarity 
may also be an advantage. 

It appears practical to measure the alterations in renal blood flow by count- 
ing whole blood rather than plasma, thus eliminating the need to centrifuge blood 
in order to separate plasma. This short cut makes it possible for a technician to 
obtain clearance results within 20 minutes. The results can be expected to be 
lower than standard ERBF, however. The difference in values obtained by using 
whole blood is not due to changes in geometry due to settling of red cells since in 
our apparatus whole blood gives the same counting values before and after 
hemolysis by freezing. 

Bergstrom, Bucht and Josephson have recently explored this phenomenon 
in considerable detail (9). Because diodrast is incorporated in red blood cells and 
is not entirely removed from the red cells in passing through the kidney, the 
extraction ratio for whole blood is lower than that for plasma. These authors have 
measured the extraction ratio of whole blood by means of renal vein catheteriza- 
tion techniques and have pointed out that ERBF actually equals the clearance 
as determined on whole blood divided by this extraction ratio. 

Because of its variability the extraction ratio cannot be applied uniformly to 
correct data such as ours. Furthermore, our limited study suggests that the dif- 
ferences between whole blood and plasma extraction ratios are greater when 
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calculated on peripheral venous blood (15 to 26%) than on renal venous blood 
(1 to 8%). 

The Tm,, determination with I'*! labeled diodrast also appears to be prac- 
tical and can be done quite simply following the C,, by changing the sustaining 
solutions and giving a second priming dose without discontinuing the intravenous 
infusion. Because of the disproportion between plasma diodrast levels during C,, 
and Tm, measurements, it is advisable to use somewhat more radioactivity when 
the tests are done in sequence in order to have satisfactory counting on the 
plasma specimens during the C,, portion of the tests. We found that 55 to 60 ye 
over two hours gave a sufficiently high counting rate to insure accuracy. When 
Tm,, is done alone smaller amounts of activity are adequate. The 30 to 35 ue dose 
we employed in this situation could probably have been reduced by one third 
or one half. . 

Within 5 days of either C,, or Tm, measurement adequate clearance of the 
diodrast has occurred to permit repeat testing. We found the biological half life 
of diodrast in plasma to be between 6 and 12 hours. The activity present in urine 
and plasma after 48 and 72 hours was insufficient for valid counting, though there 


still was measurable activity in the urine at the second and third day after a 
test. 


Twenty four hours after a test we were not able to detect any activity over 
the thyroid gland with the use of a scintillation counter employed in I'*! uptake 
tests. Since Bergstrom, Bucht and Josephson (9) using doses up to 800 yc found 
less activity in the thyroid gland than following an ordinary tracer test, repetition 


of tests with such low dosages as we employed should represent no hazard to the 
patient. 

The method of estimating the priming and sustaining dose reported by 
Schlungbaum and Billion (1) gave satisfactory stable plasma levels of diodrast 
during a two hour test. During one shorter test, however, we found that the levels 
changed sufficiently to require correction for 6 minutes delay time. In the tests 
done with doses calculated on the basis of body weight and duration of test, 
sufficiently constant levels were obtained so that corrections, if made, were in- 
significant. Because we were using stable diodrast in most of our tests and were 
interested in maintaining predetermined plasma levels, we did not reduce the 
formula for dosage in the C,, determination done alone to the extreme of sim- 
plicity possible if we had been working with radioactive diodrast alone. This 
calculation could become: 


400 x Kg body weight 
Est. C,, X min. test to 
run, in ml/min. 





= % total activity to be used for prime 


The question of whether or not the extraction ratio of diodrast is the same at 
extremely low levels of plasma diodrast obtainable by using I'*! labeled diodrast 
of high specific activity without added carrier substance has not been explored. 
We noted that the single low C, value we obtained was in the patient who re- 
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ceived radioactive diodrast without added carrier. Bergstrom, Bucht and Joseph- 
son (9) have observed that the extraction ratio seems lower when no carrier sub- 
stance is added but differe1ces were not statistically significant. 


SUMMARY 


Radioactive iodine, I'*1, labeled diodrast was used in seven males and three 
females without renal disease to measure diodrast clearance, effective renal blood 
flow, and, with inulin, to measure renal tubular mass. The substitution of plasma 
or blood and urine I'*! counting for chemical determinations of iodine, greatly 
simplified these measurements. Results using I'*1 labeled diodrast are similar to 
values anticipated in these individuals using the same clearance technique with 
stable diodrast. When the method was further simplified by calculating ERBF 
on the basis of counts on whole blood, consistent serial values were obtained al- 
though all values were somewhat lower than those obtained using plasma 
counting. 
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Fallout——One of Several Sources of Radiation 
Exposure to the Total Population’ 


Charles L. Dunham, M.D.” 
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In small amounts, radiation is a phenomenon of nature to which every living 
creature is subject. Cosmic rays from outer space, gamma radiation from radium 
and its radioactive decay products in the earth’s crust, and alpha, beta and 
gamma radiation from radium and the radioactive isotopes of hydrogen, carbon 
and potassium which occur naturally in the human body, combine to give body 
tissues an average radiation dose equivalent to about one-tenth of a roentgen of 
x-rays per year. To what extent such small doses of radiation may be harmful, 
we do not know. Certainly the human race has developed and prospered in an 
environment of which this has been one of the more stable characteristics. 

In much larger amounts, radiation results in observable injury to all living 
things. For example, an exposure of a man to four or five hundreds of roentgens 
of gamma rays will result in radiation sickness and would, under unfavorable 
conditions, be fatal. At best, several months would be required for more or less 
complete recovery from apparent effects. Such recovery does not preclude the 
possibility of delayed effects such as leukemia or reduction in life span, nor of 
genetic mutation. 

In routine activities involving exposure to radiation, we are concerned with 
doses of radiation sufficiently small that, up to the present time, the resultant 
effects on health cannot be observed. Nevertheless, it is considered prudent 
to assume that even the smallest exposures to radiation involve biological hazards 
which are correspondingly small. However, no one so far as we are aware pro- 
poses that there should be no exposure to man-made sources of radiation. Rather, 
the problem of control of radiation hazards is to limit possible risks to acceptable 
levels. In principle, this appears to be feasible, since we are confident that it is 
possible to make the resultant hazards as small as one may wish by sufficiently 
limiting the exposure. While we cannot estimate with precision the actual hazards 
from exposure to low levels of radiation, it is believed that we can estimate upper 
limits which the actual hazards are not likely to exceed. The lower limit may, 
of course, be zero. 
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Any discussion of the biological consequences of radioactive fallout from 
nuclear weapons testing must be developed within the context of the present 
United States National Defense Policy and against a backdrop of what might 
happen in the event of an all-out nuclear war. Next week the Joint Committee on 
Atomic Energy of the Congress will be conducting hearings on this latter subject. 
Only with these considerations in mind is it possible to evaluate whether or not 
our weapons testing program with the fallout it has produced is resulting in a net 
gain for our people and for those of the free world.. The problem is made even 
more difficult to grapple with because so much of the recent fallout in the North 
Temperate Zone has originated from tests carried out by the USSR. 

At the recent fallout hearings held by the Joint Committee on Atomic En- 
ergy Special Subcommittee under the Chairmanship of Mr. Chet Holifield, a 
panel of experts was convened to make predictions of the exposures which in 
their opinion would result from fallout from all weapons testing to date and also 
to estimate the Sr®° accumulation in soil and in humans. This panel achieved 
much greater agreement than did the one which was given the same task two 
years ago and which was composed of almost the same persons. It was clear that 
from a purely academic point of view we have learned a lot about the behavior 
of bomb debris in the stratosphere, its transport in the atmosphere and its ulti- 
mate resting place on the surface of the earth. 

There is good evidence now that debris introduced into the upper strato- 
sphere just north of the equator, at say 10° N, has a half residence time in the 
stratosphere of several years and perhaps as much as one third of it will come 
down in the southern hemisphere. If it is introduced in the lower stratosphere at 
the same latitude the half residence time will be shorter, perhaps only two or 
three years. If the debris is introduced in the North Temperate Zone or farther 
north the half residence time appears to be of the order of only a year to 18 
months. In either hemisphere the debris falls out preferentially between 30° to 
60° latitude, regardless of the latitude of injection. The corollary to this is that 
relatively little fallout occurs at either pole or at the equator. This phenomenon 
seems to be related to preferential leakage through the break between the high 
tropical stratosphere and the lower polar stratosphere which occurs in the region 
of the North and South Temperate latitudes respectively. Local inequalities in 
fallout are in great part determined by weather, rain being the chief vehicle for 
its deposition. This holds true for debris filtering down from the stratosphere as 
well as for tropospheric material fine enough to be carried beyond the area of 
heavy near-in fallout where gravity and local wind patterns play the principal 
role. 

The panel estimated that in the United States, where exposures from gamma 
ray emitting fission products would be relatively high, the genetically significant 
dose from tests to date would be about 0.05 rad while the average body burden 
of Sr®° would be about 6 puc/gm Ca. In my formal testimony which was prepared 
prior to the hearings and without benefit of the panel, I estimated that over much 
of the United States the average burden would be 10 puc/gm Ca. To be con- 
servative I based some calculations of positive effects of fallout to date on a 10 
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Sr®’ unit average body burden for the U. S. and total body and genetically sig- 
nificant exposures of 0.15 rad. 

One of the readily identifiable recurring annual costs of our defense effort 
is some 1400 accidental deaths in our armed forces and an additional number 
of serious injuries. For comparison one can easily calculate possible effects of 
fallout from weapons tests to date on the basis of the quite unsubstantiated hy- 
pothesis that radiation effects are directly proportional to total dose irrespective 
of dose rate. This I did using 10 strontium units for average body burden and 
0.15 rad for total body exposure and came up with the following figure: over 
the next 70 years an average in the USA of some 500 greater or lesser tragecies 
per year including gross genetic defects—miscarriages, etc., as well as leukemia 
and bone cancer cases. 

On the same hypothesis the 3 rad gonadal exposure per thirty year period 
which is alleged to be the result of unnecessary medical x-ray exposures would be 
causing annually for the next 30 years some 3000 greater or lesser tragedies of 
genetic origin. 

Personally I don’t think that things are that bad either from fallout or from 
medical x-rays. Evidence is accumulating that with continuous exposures radia- 
tion effects are definitely dose rate dependent. For instance the Russells (1) have 
shown that with continuous exposure which is the case with exposure from fall- 
out and at low dose rates the genetic effects are only one fourth those to be ex- 
pected on a pure proportionality basis. Similarly, even more dramatic dose rate 
dependence for radiation-induced leukemia was suggested in the report of the 
United Nations Scientific Committee. The results of recent experimental work 
in mice by Dr. Mole (2) and by Drs. Schwartz and Upton (3) bid fair to reduce 
the estimated number of cases of leukemia that might result from fallout to near 
the vanishing point. The experimental data of Dr. Finkel (4) on bone tumor in- 
duction in mice by Sr®® tell the same story. 

The figure of 500 per year is thus an outside estimate of the effects of fallout © 
in this country. This estimate assumes that the effects of radiation are propor- 
tional to dose irrespective of dose rate. The experiment data, however, developed 
here and abroad, if taken at face value would suggest a figure as low as 25 or 30. 
I could go on playing this sort of numbers game all evening much to your dis- 
comfort, and I would still end up saying wisely as did the AEC’s General Ad- 
visory Committee that because the exposures are small the effects of radiation 
from fallout are small even when compared to those of natural background radia- 
tion. Nevertheless in absolute terms the effects over a period of a whole genera- 
tion and across the entire world might be numbered in the tens of thousands. 

As a substitute for labored efforts to describe the dangers of fallout in terms 
ot estimated probabilities of various kinds of biological effects, together with 
explanations of the nature of such effects and of the conditions to which the esti- 
mates apply, we sometimes attempt to describe the dangers in terms of condi- 
tions or experiences with which the individual has some familiarity. For  ex- 
ample, I have pointed out that the risk of any undesirable or serious biological 
effect or disease from fallout must be small compared to the natural risk of the 
same disease, because radiation doses due to fallout have been small compared 
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to doses from natural sources of radiation. A variation to this approach has been 
to point out that the risk from fallout may be less than changes in risk from 
natural sources of radiation that go with moving one’s residence from one ldca- 
tion to another. All of these approaches to answering the question have their 
inherent limitations. 

Unfortunately actual data on the effects in humans of radiation exposures in- 
volving the low total doses and low dose rates with which we are concerned here 
are essentially non-existent. We must therefore fall back on the idea that radiation 
is producing ion pairs at random in living systems and is inevitably a disruptive 
force in even very small doses and that therefore it should be treated with respect 
by all who use it. Thus any exposure to radiation may be assumed to involve 
some degree of risk and is therefore undesirable unless there is adequate reason 
for the exposure. On the other hand, we must conclude that, for sufficiently small 
doses of radiations, the risk may be too small to be of substantial concern. Never- 
theless as individuals we might be concerned about the effects of natural radia- 
tion and if we were convinced that the necessary effort were justified, we actually 
could reduce our exposure to radiation from natural sources by amounts larger 
than our present exposure to fallout. 

These considerations lead us to other questions, such as “What should we 
do about fallout,” or “At what levels of radioactivity in the environment should 
we take positive measures to reduce exposures to radiation.” Basically, these 
questions applied to fallout do not differ from the same questions applied to 
other risks of life. If we believe that the reasons for accepting any particular 
risk are sufficiently compelling, we accept them; if not, we choose an alternate 
course of action which avoids the risk. In doing so, we may either sacrifice a 
desired goal or substitute a more acceptable risk. 

I have tried to state the principle in simple terms, but the application to 
the actual cases may be far from simple. In a complex society, the individual is 
not always free to make a choice either on the basis of his own judgment or of 
his own desires. He may be effectively bound by judgments made and choices 
exercised by groups of which he is a member. 

The individual is dependent upon group discretion for the control of many 
environmental risks. Common examples are environmental sanitation, purity of 
foods, and control of air pollution. In exercising such controls, appropriate agen- 
cies seek standards of protection which represent appropriate balances between 
the risks involved and the reasons for acceptance of these risks. 

In principle, establishing standards for radiation protection involves at least 
three independent evaluations: (1) estimating the total biological risk, (2) estimat- 
ing the benefits to be gained from taking the risk, and (3) balancing the risk 
against the reason for taking the risk. 

Standards for the evaluation of risk from fallout which have most commonly 
been used in this country have been based upon the recommendations of such 
groups as the National Committee on Radiation Protection and Measurements, 
the International Commission on Radiological Protection, the National Academy 
of Sciences, and the Medical Research Council of the United Kingdom. Some 
of these recommendations relate directly to questions of hazards from fallout, 
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while others at best provide useful guidance where applicable. Standards of 
radiation protection have been commonly couched in such terms as maximum 
permissible dose and maximum permissible concentration. These terms are often 
misunderstood. A recommended maximum permissible dose is neither an abso- 
lutely safe dose nor is it a dangerous dose. It is a dose which in the judgment 
of the person or group of persons making the recommendation represents the 
greatest hazard that in their opinion should be permitted under conditions to 
which the recommendation is applicable. Under different conditions either a 
lower or a higher permissible dose may be more appropriate. 

Currently recommended values of maximum permissible dose of radiation 
generally involve the cautious assumption that the hazard is proportional to the 
dose. To the extent that this is true, one may say, for example, that if the dose 
is permitted to reach two times the recommended maximum permissible value 
the hazard becomes two times as high as that which was considered justifiable 
under the conditions for which the recommendation was made. How great a 
hazard this is depends, of course, upon the magnitude of the hazard accepted in 
the first place. In another sense a maximum permissible value is similar to a speed 
limit. A speed equal to the speed limit is not an absolutely safe speed since many 
serious accidents occur at lower speeds. Nor is it extremely dangerous to drive at 
speeds somewhat greater than the speed limit. Neither a recommended maximum 
permissible dose nor a speed limit has any particular significance beyond marking 
the point at which an advisory group has agreed to draw the line in recommend- 
ing an acceptable degree of hazard appropriate to a given set of circumstances. 

It is important to emphasize the distinction between permissible doses of 
radiation to persons and maximum permissible concentrations of radioactivity in 
the environment. Our direct interest, of course, is in the radiation dose actually 
received by persons. Our best information on the uptake by humans of radio- 
activity from fallout in the environment is that being obtained by actual measure- 
ments in small children. This segment of the population should be the most ° 
nearly in equilibrium with the environment . . On this basis we should within 
ments in small children. This segment of the population should be the one most 
the next few years develop more realistic values for maximum permissible con- 
centrations in the total food supply of radioisotopes resulting from fallout. 

I have in the beginning of this talk touched on the uncertainties involved in 
estimating the biological risk inherent in a given radiation exposure. The un- 
certainties involved in estimating the benefits to be gained by taking the risk are 
probably much larger. But the most difficult step may be that of comparing 
biological risk to benefits which may be measured in economic or social gains. 
The problem is made more difficult by the fact that some or all of the benefits 
may not accrue to the person taking the risk. 

In endeavoring to balance the risk and the reason for accepting the risk 
some guidance may be drawn from everyday life. For example, with occupa- 
tional standards, one criterion commonly used is that the risks associated with 
exposure to radiation should be small compared to other occupational risks. How 
small would depend, of course, upon the comparative ease of avoiding them. The 
mere fact that the primary benefits to be derived from some activity are large 
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is not per se justification for acceptance of a large risk. These primary benefits 
may be sufficiently large to far outweigh any risks which conceivably could be 
involved. In such a case, the reasons for accepting a risk of any particular mag- 
nitude are to be found in the difficulties—in the form of time, personal incon- 
venience, expense, or other reason—involved in avoiding the risk. 

The job of setting standards, even in the limited field of occupational health, 
is not a simple one. Some of the members of any group charged with this re- 
sponsibility are bound to consider factors which others may not, or will weigh 
them differently, depending upon their own experience and approach to the 
problem. 

Standards of radiation protection, while based on logical concepts, can 
never be ideal. This is not, however, a legitimate excuse for condemnation of 
the standards or of the system by which they are formulated. These imperfec- 
tions are inherent in most of our solutions to the problems of life. In environ- 
mental health, radiation protection shares this difficulty with other health stand- 
ards. In the field of personal decisions whether we are confronted with the prob- 
lem of buying a home, making a business decision or choosing a profession, our 
actions are inevitably based on imperfect knowledge of the consequences. The 
same is true of our collective actions in the field of international policy. 

The important considerations are that we bring to bear on the problem all of 
the information that can be made available; that we take maximum advantage 
of the combined judgment of able and well-informed persons; and that we, as a 
people, make a sincere effort to understand the general nature of the issues in- 


volved and the meaning of any standards which may be recommended and 
adopted. 
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The problem of accurately determining the depth of a gamma emitting 
source of radioactivity within the tissues presented itself during the course of 
some studies in patients following interstitial therapy with colloidal radiogold, 
Au?®8, A method was required which entailed minimal manipulation of the sub- 
jects as well as simplicity of technique and instrumentation. This prompted the 
development of an accessory device for depth determinations to be used with a - 
scintiscanner. Designed by one of us (E.F.) and fabricated by the Medical 
Maintenance Section of Brooke Army Medical Center, this device consists of a 
special collimator which allows for the determination of the depth of a source 
by triangulation. Because this approach is, to our knowledge, unique, and because 
it has proved useful in our hands, this brief report concerning bidirectional col- 
limation is submitted. 


DESCRIPTION 


The exact dimensions of the collimator must necessarily vary with the type 
of scintiscanner upon which it is to be used. In general, it consists of two cylin- 
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Fig. 1. Diagram of the bidirectional collimator as it counts source S from two points, A and 
B. See text for description. 


drical collimator holes with a common origin at the crystal pointing outward in 
opposite directions along the line of scanning, such that the crystal may detect 
radioactivity through one hole or the other. Figure 1 illustrates the construction 
and use of the bidirectional collimator. The collimator and crystal are arranged 
so that in position A and again in position B, the source S can be seen with maxi- 
mal counting rate. The scanner will therefore record two views of the source, 
one at either end of its traverse. The distance from A to B will vary directly 
with the angle of collimation, angle 6, and with the distance of the source from 
the plane of scanning, line AB. The angle of collimation is fixed; therefore the 
distance from the source will be the only variable. 


For simplicity, it was decided to construct the collimator with an angle of 
collimation, 6, such that the distance between the centers of the two images (line 
AB) would be equal to the distance from point P (directly above the source and 
at the midpoint of line AB), to the center of the source, S. Figure 1 shows 


that angle PSA is equal to 6 and its tangent will then be , which by our 
PS 


requirements is 0.5. The angle of which the tangent is 0.5 is one of 26.6 
degrees. Therefore, by using this angle of collimation, one can simply measure 
the distance between the centers of the two images, and this will represent the 
distance from the crystal’s level of scanning to the center of the source at a point 
directly over the source. The distance from the crystal at the mid-point P to the 
skin can be measured, and, when this is subtracted, the depth of the source below 
the skin has been determined. 

Because the collimation is not perpendicular to the plane of scanning, there 
is elongation of the images in the line of the detector’s travel. This is not impor- 
tant when one is measuring the center of the images to determine the depth of 
the source’s center. However, this distortion can be corrected mathematically 
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where required. Since the long axis of the collimation is deviated from the per- 


line AS 
pendicular by angle 6, the elongation can be shown to equal the ratio of — 


line PS 
(Fig. 1). The correction factor for elognation would then be the reciprocal of 


this ratio, or cosine @ (0.894 for the 26.6 degree angle of collimation). Improved 
definition may be obtained by reduction of the diameter of the collimator holes, 
where the amount of radioactivity permits. Insert sleeves may be constructed to 
allow one to vary the aperature size. 


DISCUSSION 


The bidirectional collimator has been in use in our clinic during the past 
three years and has a high degree of accuracy for depth determination of gamma 
sources, as demonstrated both in patients and in phantoms. The method re- 
quires minimum modification of the scintiscanner and allows the determination 
to be done by one scanning of the patient, with an economy of time and mini- 
mal discomforture to the patient. As might be suspected, it is limited in its ability 
to localize small disseminated sources. 

Though our use of this method has been limited to depth determinations of 
sources of radioactivity, the same principles might be applicable in localizing 
non-radioactive areas in the presence of surrounding radioactivity, as in hepato- 
scanning. Another possible departure from the present use might be in the 
measurement of circulatory flow rate through a vessel of known depth. In this 
situation the detector would remain stationary, and, by knowing the depth at 
which a bolus is traveling, the distance it had traveled from the time it was first 
seen until the time it was next seen would be known. Using the same detector 
for both readings of the bolus might obviate the problems involved in the use 
of two detectors. 

Different situations may require different ratios of depth to distance trav-. 
elled. It is therefore worthy of emphasis that the angle of collimation, 6, may 
be altered in fabrication according to the ratio desired. 


SUMMARY 


A method of triangulation has been applied to the occasional problem of 
depth determination of a gamma source, by means of a bidirectional collimator 
for use on a scintiscanner. 

The principles and advantages of this aproach are discussed. 

Other possible uses are suggested. 
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1. Production of Calcium-47. G. I. Guieason, (Abbott Laboratories, Oak 
Ridge). 


Ca‘? produced by several different nuclear reactions is evaluated with respect to quality, 
availability, and cost. It is concluded that the only truly acceptable medicalgrade Cat? must 
be produced from the proton bombardment of enriched Ca*8 which potentially might be able 
to provide material with a Ca#? to Ca*5 ratio approaching 2000. The key to the problem 
hence lies in finding some way of mass-producing a moderately enriched Ca*® for target 
material. 


2. The Use of Calcium-47 in Diagnostic Studies of Patients With Bone Le- 
sions. K. Corey, P. Kenny, E. GREENBERG, A. Pazianos, O. H. Pearson, 
AND J. S. LaucHiin, (Memorial Center for Cancer and Allied Diseases, 
New York). 


Ca*? was produced by neutron bombardment of Ca‘® enriched CaCO,. It emits high 
energy rays and has a half life of 4.5 days. There are severe problems in its production 
An analysis was made of the amount of the daughter element scandium-47 and of the con- 
taminent Ca‘ present. The application of this information to Ca‘? dosimetry for diseased 
bone, healthy bone, and soft tissues was determined for a number of patients. A special 
technique was used to do external-counting measurements of the uptake of Ca‘? in bone 
lesions. 

Kinetic studies with simultaneous external counting using Cat? have demonstrated varied 
amounts of deposition of this isotope in diseased areas of bone presumably indicating dif- 
ferent rates of bone activity. 


3. A Clinical Study of Calcium-47. Fiora M. Pascasio, BEECHER W. SiTTER- 
SON, AND Racpu M. KniseLey, (ORINS, Medical Division, Oak Ridge). 


Ca‘? tracer studies were done in seven patients with different hematologic and neo- 
plastic diseases. The isotope was administered intravenously in three, orally in three, and 
both orally and intravenously in one. The plasma disappearance, urinary excretions, fecal 
excretions, and linear scans were followed for a period of time. 

In the intravenous cases, an immediate peak of plasma radioactivity was obtained, 
whereas for the orally administered Ca‘?, the peak was attained in two or three hours. The 
main avenue of excretion was through the kidneys. The amount retained in the tissues varied 
from 55 to 80 per cent of the dose. The metastatic osseous lesions were not demoustrable 
with linear scanning or direct external counting. 
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4. Radioisotopes of Cobalt and Vitamin B,,. Byron T. EBERLE AND I. GLEASON, 
(Abbott Laboratories, North Chicago, Illinois ). 


A comparison of four radioisotopes of cobalt relative to diagnosis using labelled vitamin 
B,, reveals that the Co%7 tracer delivers the lowest radiation dose to the patient. In addition, 
spectroscopy permits background reduction with preservation of total counter efficiency, thus 
increasing the detectability of Co57 over the other cobalt activities. 


5. “Radioisotopic Cows.” Wa.ter D. Tucker, (Brookhaven National Labora- 
tory, Upton, Long Island, New York). 


Methods are being developed for producing radioisotopes which would be useful, if they 
were available, or available in a suitable and convenient form. The development of “radio- 
isotopic cows” has been one emphasized part of this effort. The present “herd” includes stro- 
tium-90-yttrium-90, tellurium-132-iodine-132, and molybdenum-99-technetium-99 units. The 
design, operation, and possible application are discussed. 


6. Cross-Calibration of Uptake Systems. Joun U. Hiwatco, (Biophysics De- 
partment, Tulane University, New Orleans). 


Manikins or patient substitutes have been used for calibration of thyroid uptake. A 
method for the application of these manikins to the cross-calibration of an uptake system 
from one method to another provides a reference comparison between methods. Besides 
those calibration surveys already reported, two new surveys with the ORINS half-body 
manikins (Australian and Japanese) has been partially completed. A survey of a group of 
laboratories in the United States with a different calibration system shows the need for con- 
tinued study. 


7. A New In Vivo Test With Labeled Triiodothyronine. J. STERNBERG AND 
J. Bernatu, (University of Montreal, Montreal). 


Blood and urine samples were used and thyroid uptakes were performed after admin- _ 
istration of triiodothyronine. Serum radioactivity decayed in two phases. The first phase 
has a half time of 30 minutes and has little variation with metabolic state. The first phase is 
thought to represent hormone mixing and disappearance of free iodine. A second phase has 
a half time of about 3% hours and is related to the use of hormone by peripheral issue. 

In some cases of myxedema there is a low thyroid uptake with a normal peripheral 


utilization rate or the opposite can occur. A new test has been devised to elucidate these 
problems. 


8. A Study of Radioactive Iodinated Amino Acids in Thyroid Nodules and in 
Normal Thyroid Tissue. Hersert C. ALLEN, JR., AND JAMES A. CHAMBER- 
LIN, (Department of Nuclear Medicine, The Hermann Hospital and Metho- 
dist Hospital, Texas Medical Center, Houston). 


A total of 96 patients with various types of thyroid diseases have been screened over 
the past 1% years. A detailed study of 20 of these patients has been made in which the 
radio-iodinated protein composition of nodular and perinodular thyroid tissue, as well as 
cystic fluid and thyroidal venous plasma, has been compared. The radio-iodinated amino acid 
composition of these tissues has likewise been examined. The types of normal and abnormal 
thyroid tissue studied are: follicular adenoma—12, adenomatous goiter—2, chronic thyroiditis— 
3, and diffuse hyperplasia—3. 





ABSTRACTS—ANNUAL MEETING—SOUTHEASTERN CHAPTER 61 


Patients included in the detailed study received between 150 and 920 uc of carrier- 
free [131, 18 to 120 hours prior to surgical removal of the thyroid gland. At the time of surgery, 
20 ml of thyroidal venous blood was removed from the most prominent thyroid vein overlying 
the thyroid adenoma prior to any major manipulation of the gland by the surgeon. Following 
thyroidectomy, cystic fluid, if any, was removed from the adenoma. The solitary nodules were 
carefully dissected intact from the perinodular tissue of the thyroid and the parenchyma of 
the nodule carefully scraped from the interior of the capsule. Histologic sections were made 
on all nodular and perinodular tissue dissected for study. Radioassays were routinely made of 
the nodular, perinodular tissue, cystic fluid and plasma. Tissue removed for study was homog- 
enized under liquid nitrogen and paper strip electrophoresis was done on the supernatant tissue 
fluids. 


A 72 hour enzymatic (Armour Trypsin) hydrolysis of the remaining homogenates were 
done and extracted with butanol saturated with 0.1 N HCl. Both one dimensional and two 
dimensional ascending chromatographic techniques were used employing as solvent systems 
butanol acetic acid and tertiary amyl saturated with 2 N ammonium hydroxide. The location 
of the radioactive iodinated amino acids were identified by automatic Geiger-Mueller scanning 
and autoradiograms of the strips. 


Radioactive MIT and DIT were readily found in all normal thyroid tissue removed up 
to 96 hours after the administration of I131. After 96 hours, radioactive thyronines were 
readily observed in normal tissue. : 

In one of 8 cases of a solitary hypofunctioning (5 percent) of follicular adenoma which 
co-existed with struma lymphomatosa, a radioactive iodinated compound Rf = 0.75 
(T, = 0.76) was found in the thyroidal venous plasma, whereas, in a similar case of Hashi- 
moto’s disease without nodular formation, a radio-iodinated compound with Rf = 0.84 
(T, = 0.83) was the predominent radio-iodinated compound in the thyroidal venous plasma. 

In tissue removed from two-thirds of the cases showing Hashimoto’s thyroiditis, three 
distinct radioactive iodinated compounds with Rf — 0.83 (T, = 0.83); Rf = 0.68 (T, = 0.73); 
Rf = 0.62 (DIT = 90.59), have been consistently found. 

Other known and unknown radio-iodinated compounds found in adenomatous goiter and 
thyrotoxicosis are presented. In addition, a comparison of the radio-iodinated amino acids in 
follocular adenomas and the adjacent perinodular tissue is discussed. 


9. Localization and Therapeutic Studies With Radioactive Sulfonamides. F. E. 
Ray, M. F. Arcus Anp J. F. Kane, (University of Florida, Gainesville). 


Fluorene-2,7 di (sulfonamidobenzene)S$*5, fluorine-2,7-di-(sulfonamidonaphthalene ) $35, 
and biphenyl-4,4’-di-(sulfonamidobenzene )$#5-4-sulfonamide have been used in studies with 
tumor-bearing animals. It has been found that these compounds are localized in the organs 
of control animals to a significantly greater extent than in the organs of animals bearing trans- 
planted tumors. There is a possibility of using this difference as an aid in diagnosis. The first 
two compounds were studied as therapeutic agents on cancer-bearing mice. No significant 
inhibition of the tumor was obtained. 


10. Internal Dose in Humans from Orally Ing...ted Radionuclides. R. L. Hayes, 
(ORINS, Medical Division, Oak Ridge). 


Measurements in live animals of the dose received by the intestinal mucosa as the result 
of the oral ingestion of Y9° have raised questions as to the validity of assuming average be- 
havior in calculating maximum permissible concentrations for various radioisotopes. A study 
of the dose to the intestinal tract in humans is in process with La14° as a tracer in an effort 
to assess the limits of variation among individuals. Preliminary results indicate that the 
recommendations for maximum permissible concentration for La149 is too high by a factor of 
about four. These results can be extropolated to other isotopes. 
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11. Distribution of Radioisotopes in Tumor-Bearing Rat Livers. Francis T. 
Opa, Witu1aM D. Gress, anp Goutp A. ANprREws, (ORINS, Medical Divi- 
sion, Oak Ridge). 


The fact that lesions in the human liver can sometimes be detected and located by 
external counting or scanning techniques has centered interest on the development of a 
practical diagnostic test for such lesions. Because of its large size and irregular shape, the 
liver is a difficult organ to approach in this fashion. 

Before such techniques can be developed and before instrument problems can be intel- 
ligently attacked, there is a need for basic information on the distribution of the isotopes in 
the normal liver and its lesions. This information can only be obtained by direct tissue assay 
and autoradiography. 

A cell suspension of Walker carcino-sarcoma 256 was injected into the portal veins of 
Sprague Dawley rats. Multiple tumor nodules developed in the liver and were suitable for 
study 10 to 14 days after injection. Colloidal Au198, [131 Rose Bengal, and [131 human 
serum albumin were injected intravenously and the rats were killed at intervals of 20 minutes 
and 24 hours. Radioassays and autoradiograms were made in order to show the distribution 
of these materials in tumor and uninvolved liver. There is only a very slight concentration 
of colloidal Au!98 and [131 Rose Bengal in tumors as compared with normal liver. The 
I131-Jabelled human serum albumin shows a complex and variable pattern. 


12. Intralymphatic Injection of Internal Emitters. Granvu. C. KyKer, JAMES 
Meyer,” Joun J. Rarrer, GouLp ANDREWS, AND FRANK Dunton,* (ORINS, 
Medical Division, Oak Ridge, and “University of Texas Medical Branch, 
Galveston). 


Selective localization of radioisotope remains the ideal way to deliver therapeutic radia- 
tion to a specific organ or system; the only problem that remains is that successful procedures 
for this approach are unknown except for the uptake of radioiodide by thyroid. Intralymphatic 
injection of suitable radioactive preparations offer certain intriguing possibilities. 

Some properties of radiogold colloid, radioactive yttrium chloride, and radioactive cerium 
chloride in dogs were compared. The injection was made in a hind foot about 10 minutes 
after the interstitial injection of a dye to delineate the lymphatic vessels. Twelve of sixteen 
dogs were used to compare graded doses of yttrium at various intervals; other animals were 
used to compare cerium with yttrium and to indicate any effect of the injected volume of radio- ~ 
gold colloid. Radioactive measurements emphasized mainly blood, liver, spleen, the lymph 
nodes in the path of drainage from the site of injection, and comparable nodes from the 
opposite side. 

Yttrium and cerium appeared to follow the same pattern. The ratio of radioyttrium 
in nodes on the injected side to those on the opposite was quite large, usually several 
hundredfold. The nodal radioactivity on the injected side was several times greater than 
that of liver and spleen, the next most prominent sites of localization. The volume of radio- 
gold given to two dogs varied tenfold; very distinct behavior was observed for the two; the 
large dose partially resembled an intravenous dose. 

The results are preliminary, but suggest practical applications. The procedure would 
appear more convenient for an extremity of the body, but photographic evidence by injecting 
the dye in other sites indicates more general application should be possible. 


13. Recent Advances in Scanning Equipment. C. C. Harris, J. E. Francis, P. R. 
Bet, D. P. HAMBLEN, AND H. O. Eason, (Oak Ridge National Laboratory, 
Oak Ridge). 


Continued clinical and laboratory testing of scanning equipment has focused attention 
on several serious inadequacies of present-day scanning systems. Detectors have inadequate 
shielding. Scanners are limited in flexibility, lack accuracy of motion, and often fail to 
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properly handle heavy detector assemblies. Pulse counting systems are often unreliable and 
lack aids for ease of proper operation and adjustment by operators. Recording and data pre- 
sentation systems generally do not make good use of available information. 

Several new advances in scanning equipment have been made and tested in clinical 
practice in an attempt to remove the above mentioned and other shortcomings. New detector 
assemblies have been constructed. A new type of scanner has been built. The ORNL “Medi- 
cal Spectrometer” has been modified to give higher reliability and stability, and to provide 
ease of proper adjustment. New recording systems have been developed and are in con- 
tinuing improvement and evaluation. These and other. developments are described. 


14. A Focusing Collimator for Research in Scanning. J. E. Francis, C. C. Har- 
RIS, AND P. R. BELL, (Oak Ridge National Laboratory, Oak Ridge). 


The gamma ray counting conditions for determining the distribution of isotopes in 
patients are usually much less favorable than those encountered when scanning a_ thyroid 
gland. In order to overcome these disadvantages, several focusing collimators for scintillation 
counters were developed. 


The difficulty is due to having to locate low activity sources in the presence of high 
activity sources of body background. The background can be reduced by increasing the 
shielding. However, in order to keep the weight and size to a minimum, it is desirable to 
use a better shielding material than lead. The septa of a focusing collimator should be made 
of the most efficient shielding material that is available to maintain both good resolution and 
high efficiency. Collimators made of a combination of tungsten and gold give the best results. 

Laboratory and clinical tests indicate this type of collimator has superior performance, 
which justifies the increased fabrication costs. 


15. A Linear Scanner for Human Radioisotope Research. A. C. Morais, Jr., 
(ORINS, Medical Division, Oak Ridge). 


In the course of radioisotope research at the Medical Division, Oak Ridge Institute of 
Nuclear Studies, the need for equipment to provide a means of localizing human radioisotope 
distribution has become apparent. In answer to this need, a linear scanner has been designed 
and constructed, providing an excellent means of determining longitudinal isotopic distribution, 
as well as furnishing somewhat more general lateral information. 


In principle the scanner uses two opposing collimating heads to give a plane of detec- 
tion-sensitivity that is perpendicular to the longitudinal axis of the body. The subject is then 
slowly driven on a movable table between the two detecting heads; the count rate, repre- 
senting the activity profile, is registered through an external recording system. Each detecting 
head contains six (6) 2 X 2 in. Nal (T1) scintillation crystals mounted in a line. A sharp 
linear response characteristic is obtained through the use of long, movable, lead collimating 
lips, which allow adjustments of an entrance slit from zero to four inches wide on each head. 

Each of the. twelve detecting crystals is connected to an individual photomultiplier tube. 
The gain of each of these tubes is adjustable so that all may be calibrated to the same gamma- 
energy photopeak, as desired. 

The electrical pulses from the photomultiplier tubes are then fed into medical spectro- 
meters that, in turn, drive an 8-pen optical recorder. The electrical connections at this point 
are made quite flexible. If the subject activity is very low, all the detected counts may be 
pooled into one recorded tracing. If the activity present is higher, opposing crystal pairs may 
be connected to give six simultaneous recordings, providing some information on lateral loca- 
tion of isotope concentrations. 

The entire apparatus, including the motor driven bed, measures 7 X 15 x 4 ft. Lead 
shielding contributes a major portion of the unit’s weight, which approaches three tons. 
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Operationally, one of the largest advantages this equipment has demonstrated to date 
is the ability to make repeated surveys (at 4-minute intervals if necessary) of isotopic dis- 
tributions in the body after administration of a dose of radioisotope. Other interesting results 
include the activity profiles taken from the neutron-bombarded victims of the recent Y-12 
accident in Oak Ridge. With this new equipment, surveys (taken at regular intervals over a 
period of many hours or even weeks) may give very useful information in these important 
fields of investigation. 


16. Demonstration Scans Made on the Scanners Available at ORINS. Rutu 
Back, (ORINS, Medical Division, Oak Ridge). 


The scans shown are for the purpose of demonstrating the limits, as well as the abilities 
of the scanners used as ORINS. Neck scans were made on a postoperative patient given a 
therapeutic dose of [131 for treatment of thyroid metastasis. The scanners used were the con- 
ventional scanner with the three-inch lead collimator and two-inch crystal, and the research 
scanner with the focusing gold collimator with tungsten shielding. The first set of scans was 
made approximately 24 hours after the dose was given while the body background was still 
quite high. The last set was made when the activity was almost gone. Other scans made with 
the research scanner include liver scans of a patient given Au198 intravenously, brain scans 
using RIHSA, and pelvis scans of a patient given Ca4?, 


Linear scans of patients given both high- and low-energy isotopes are shown. 


17. A Body Cross-Section-Scan Phantom for the Study of Scintillation Colli- 
mators. ArtHuR F. Dratz, JAMes C. CosBerty, AND Rosert H. Ronrer, 
(Radioisotope Service, V. A. Hospital, Atlanta, and the Departments of 
Medicine and Physics, Emory University, Atlanta). 


_ The effects of collimator design on radioactive renogram determinations are being studied 
by the use of a phantom. At constant speed and spacing, a commercial scanning mechanism 
moves a small mock iodine source through a water-filled plastic tank, and simultaneously moves 
a metal contact over one of fourteen cross-sectional drawings. The serial cross-sections are 
of the human lumbar region at one-half inch vertical intervals. The vertical position of the 
source in the water is made to correspond with the appropriate cross-section, and the entire 
system is aligned in three dimensions relative to the position of a scintillation detector. 

The areas of the cross-section which represent left and right kidney, muscle, liver and 
major blood vessels are drawn with metallic paint. Each organ area is a part of an indi- 
vidual scaling circuit, which is activated by the moving metal contact. In this manner, a sum- 
mation of each (organ’s) response in a cross-section is automatically registered. The three- 
dimensional response is determined by graphically integrating the results from the fourteen 
cross-sections. The final units, in counts per sec. per cm? per uc, are adequate for the evalua- 
tion of various collimator designs. One can calculate the response in counts per second, if 
data concerning the relative tissue [131 concentrations present in vivo at any one time are 
known. 


18. Clinical Uses of Radioisotopes in the Diagnosis and Management of Hydro- 
cephalus. Raymonp E. Parks, ALBERT J. Gitson, AND Davin H. REYNOLDs, 
(Department of Radiology, University of Miami, School of Medicine, 
Miami). 

Radioactive isotopes are being used to diagnose and place the site of obstruction in 
hydrocephalus, 


The methodology of injecting tracer doses of [131 labelled human serum albumin into 
the ventricle followed by scanning procedures over the skull and spine. 
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The labelled albumin mixes well with the cerebral spinal fluid (CSF) and within 15 
minutes, activity can be traced to various compartments of the CSF. 

Attempts to quantitate the volume of CSF by simple dilution studies have been 
performed. 

The patency of Holter and Pudenz valves has been explored by this method and a rapid 


appearance of activity in the circulatory system is confirmatory evidence of a functioning 
valve. 


19. Radiation Effects Studies and Facilities at the Georgia Nuclear Labora- 
tories. Rosert L. Butennorr, (Lockheed Aircraft Corporation, Georgia 
Division, Marietta, Georgia). 


Several bio-medical radiation effects studies are being carried on at the Georgia 
Nuclear Laboratories or are proposed for future consideration. Some of these studies are 
discussed, with emphasis on the nuclear measurements they require. The unique irradiation 
facilities of the Georgia Nuclear Laboratories are described and suggestions for their future 
utilization in radiobiologic research are made. 


20. Comparison of the Y-12 and Yugoslavian Radiation Accidents. Goutp A. 
AnpreEws, (ORINS, Medical Division, Oak Ridge). 


The Y-12 accident in June, 1958, was followed by a somewhat similar one in Yugoslavia 
in October, 1958. The Y-12 accident was unusual in that rather accurate radiation dose esti- 
mates could be made and the published figures have been widely accepted as compatible with 
the biologic effects. In the Yugoslavian accident, conditions were such that there were great 
uncertainties in estimating dose. 


The radiation dose in the Yugoslavian accident is of great importance because the vic- 
tims were treated with homologous bone marrow injections and evidence was presented to 
support the interpretation that temporary survival of the marrow graft was of benefit to the 
patients. The uncertainty of the radiation dose plus the fact that the marrow was given only 
shortly before the time that spontaneous recovery might have been anticipated (assuming a 
sublethal radiation dose) have given rise to some difference of opinion about the value of the 
marrow treatment in these cases. 


An analysis was made based chiefly on a comparison of the hematologic data in the 
two groups of cases. The values after irradiation and before marrow administration suggest a 
significantly higher average dose in the Yugoslavian group. However, the platelet depres- 
sion in the Yugoslavian group was not much more pronounced than in the Y-12 group. The 
recovery curves for hematologic values are quite similar for the two groups. Although there 
is some suggestive evidence in the white cell and platelet curves that the administered marrow 
was of bénefit to the Yugoslavians, the chief support for this must rest in the special red cell 
subtyping studies that indicate a temporary proliferation of grafted marrow. 


21. A Total-Body Irradiation Facility. MarsHaLtt Brucer, (ORINS, Medical 
Division, Oak Ridge). 


A total-body irradiation facility has been prepared that will allow the exposure of any- 
thing within the dimensions of 2 x 2 x 6 feet in a uniform field of radiation. The source 
consists of 4000 curies of cesium in eight matched sources arranged behind beam-shaping 
devices that produce a uniform irradiation exposure field with the patient in the supine posi- 
tion. The irradiation room is open through a curving maze that allows, by mirrors, the patient 
and the operator to appear to be in the same room. Health physics estimates indicate no signifi- 
cant exposure to any personnel except the patient during the treatment. The dose rate can 
range between 4 and 400 r per hour exposure. 
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22. Design Considerations for Whole-Body Counters. D. A. Ross, (ORINS, 
Medical Division, Oak Ridge). 


This includes a discussion of the special difficulties encountered when an attempt is 
made to count the radiation emanating from an entire patient. The features of existing (and 
proposed ) installations are used to illustrate how problems can arise in connection with the 
following items: 

1) building and shielding materials, 2) heat dissipation, 3) ventilation, 4) no-patient back- 
ground, 5) no-contamination background, 6) counting time vs statistical reliability, 7) de- 
tector efficiency, 8) pulse-height analysis, 9) single vs. multiple detectors, 10) detector mate- 
rial, 11) room contamination, 12) localizing procedures. 


23. Training Programs. Raven M. KniseLey, (ORINS. Medical Division, Oak 
Ridge ). 


An analysis of training programs in nuclear medicine offered in varidus institutions to 
to meet AEC licensure requirements are presented. Training opportunities range from three- 
day programs to courses running for a number of months. The scope and content of these 
courses suggest that no agreement has been reached on what constitutes adequate ground 
work in this field for physicians. A summary of the Oak Ridge Institute of Nuclear Studies 
Medical Division’s program is presented. 


24. Training for AEC Licensing. J. R. Mason, (Isotopes Branch, Division of 
Licensing and Regulation:, U. S. Atomic Energy Commission, Washington, 
D. C.). 
The clinical and non-clinical requirements for AEC licensure are presented. It includes 
philosophy and recommendations on “minimum licensing” and desired training for preceptor- 
ships, formal courses, and trends in licensing. 
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JAMES WAYNE LEWIS 
1912-1959 


James Wayne Lewis was born on August 27, 1912 at Salida, Colorado. His 
birthplace lies within the shadows of the Continental Divide. His early school- 
ing was accomplished at Salida, whereupon he matriculated at the University of 
Colorado to begin the long climb toward an advanced degree. He majored in 
science. He did his work well, as attested by his Phi Beta Kappa key. 


Joe next entered the School of Medicine of the University of Colorado. He 
was an outstanding student and again received an award for scholarship. He was 
accepted by Alpha Omega Alpha. 


Dr. Lewis served an eighteen months internship at the Evanston Memorial 
Hospital of Northwestern University. He then rather briefly engaged in the pri- 
vate practice of internal medicine at Little Rock, Arkansas. But this inquiring 
student sought a broader outlook and accordingly he returned to the Evanston 
Memorial Hospital for further training. 


During his medical school days, Dr. Lewis married Coral Dalton, a teacher 
in the School of Nursing of the University of Colorado. Coral presently became 
known as “Glory”, a name given to her by her husband. It was a bit of whimsey - 
in the Joe Lewis personality that he gave special names to his associates. The 
name “Joe”, by which he was universally known, was itself an example of this 
engaging trait. 


Two children were born to Glory and Joe. Carol Jo Lewis, age 21, is now 
working towards her masters degree in English at Colorado State University. 
James Winstatt Lewis, age 20, is engaging in premedical studies at the University 
of Colorado. 

World War II interrupted Joe’s residency training in radiology. He joined 
the staff of the University of Illinois Medical Unit. For a period of three and 
one half years he was Chief of Radiology for the 27th Evacuation Hospital in 
North Africa, Italy, France and Germany. After the war, he continued in the 
medical reserve, attaining the rank of colonel. 

After World War II, Joe resumed his training in radiology at Northwestern. 
During this time he attained the masters degree. Upon completion, he began the 
practice of radiology at Colorado Springs. He was one of the founders of the 
Colorado Springs Medical Center. 
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Joe was a diplomate of the American Board of Radiology. He was a Fellow 
of the American College of Radiology and a member of the Radiological Society 
of North America. He belonged to the Rocky Mountain Radiological Society; 
the El Paso Medical Society; the Colorado State Medical Society and the Ameri- 
can Medical Association. He was chairman of the Membership Committee and 
a member of the Executive Committee of the Society of Nuclear Medicine. His 
fraternities were Phi Delta Xi; Phi Epsilon Phi and Phi Rho Sigma. His hospital 
staffs were the Memorial, the St. Francis and the Penrose, all of Colorado Springs. 


Joe’s extra-medical interests were remarkably varied and almost endless. 
He was an avid auto racing fan. He was on the Board of Directors of the “Sky- 
sox” a professional baseball team. He was vice-president of the Colorado Springs 
School Board. He was on the executive boards of the Boy Scouts, the YMCA, 
the El] Paso Club, and the Security Savings Corporation. He was on the Gover- 
nor’s Committee of the State Board of Health for x-ray inspections and safety. 
These are but a few of the activities to which Joe contributed in the civic life of 
his community. His invariable enthusiasm and energy for whatever assignment 
might be at hand, meant that his leadership was in constant demand. 


Thus reads the formal outline of a life. But does this truly tell the Joe Lewis 
story. After the outline has been given, the biographer’s task really begins. For 
how, by the use of words, may the spirit of a man be entrapped upon the printed 
page. Impressive as are his scholastic and civic honors, these reveal only the pat- 
tern by which Joe Lewis lived. 


Here was a blithe spirit who built his house by the side of the road to be- 
come a friend of Man! Joe wore his honors only as a garment for the deeper 
life within. Utterly democratic, he could “walk with kings nor lose th common 
touch”. All men were his friends; to every man, whatever his station in life, 
Joe imparted the feeling of friendly brotherhood. 


Always ready with the happy jest or well-told story, Joe’s presence and his 
smile radiated warmth as sunshine in a somber world. No one around him could 
fail to sense this warming influence. And yet these traits were only one part of 
his personality. By long training and by motivation, this excellent physician was 
prepared to grapple with the most serious problems of human illness. 

Joe Lewis lived with enthusiasm and incredible energy. Whatever his ob- 
jective of the moment, he brought interest and strength to its accomplishment. 
He possessed an outstanding talent for friendship and for the art of living. 

And so the record goes. The Society of Nuclear Medicine mourns the loss 
of this able and devoted leader. We extend our heart-felt sympathy to Glory 
Lewis and to the daughter and son. Joe now stands at the Great White Throne. 
Before the Infinite Judgement of the Divine Physician we rest our case. 


Thad P. Sears 
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DWIGHT EDWIN CLARK 
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Dr. Dwight E. Clark was born in Mount Eaton, Ohio, the son of a physician. 
He received his college education at Western Reserve University, and his medi- 
cal education at the University of Rochester where he graduated with an M.S. 
degree and M.D. degree in 1937. He then began his internship at the University 
of Chicago, continued with a residency in surgery, and stayed on as a permanent 
member of the surgical staff. From 1944 to 1947 he was assigned as a medical 
officer to the Manhattan Project at Oak Ridge, Tennessee, becoming Chief of 
Surgery and Commanding Officer of the hospital. It was here that he became 
interested in the medical application of radioactive isotopes. In 1951 he was 
promoted to a full Professor and in 1958 at the age of 48 was chosen as Chair- 
man of the Department of Surgery of the University of Chicago. He died on 
July 24, 1959, of infectious hepatitis. 

During his relatively short career he reached a high level of professional 
attainment and renown. He took an active part in medicine from the point of 
view of clinical surgery, research, teaching and administration. He was an ex- 
cellent teacher; patient, friendly, approachable, and well liked by the student 
body. He was a pleasant companion, a gentle, kindly man, completely devoid of 
envy, rancour or hurt toward any person. In addition, he was a meticulous ad- 
ministrator of any project big or little. As a natural result of these qualifications 
he was elected to many responsible positions in addition to that of Head of the 
Department of Surgery of the University of Chicago. He was a member of the 
Board of Governors of the American College of Surgeons, a member of the Exec- 
utive Council of the American Goiter Association, the Chairman of the Commit- 
tee on Graduate Training of the Society of University Surgeons, and the Chair- 
man of the Membership Committee of the Chicago Surgical Society. 

During his stay at Oak Ridge he became interested in radioactive iodine 
and became an important pioneer in its application to thyroid disease. Of ap- 
proximately 53 scientific papers that he published, 15 were related to this field, 
notably in the therapy of cancer of the thyroid, in the treatment of hyperthyroid- 
ism, and in diagnosis especially by use of the conversion ratio. He was one of 
the first to call attention to the relationship between radiation to the neck in in- 
fancy and cancer. He took an active interest in the Society of Nuclear Medicine, 
and as Vice President was in charge of the 1958 meeting in Chicago. 

In 1939 during his residency he married Eleanor Melander, a graduate of 
the University of Chicago, whom he met in the University Clinics. They had 
two charming daughters, Judy and Betty. Eleanor took an active part in many 
of his professional activities. He was closely attached to his family and they 
were devoted to him. 

Dwight Clark will be missed in many places by many people. He will be 
missed much for what might have been. There is every reason to believe that if 
he had continued to live he would have left an important imprint on medical edu- 
cation. The fate that terminated such a career at the very beginning of its im- 
portance seems unnecessarily cruel and unjust. 

Lindon Seed 
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SIMEON. T. CANTRIL 
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Dr. Simeon T. Cantril died on September 10, 1959 at the age of 51, of a 
coronary thrombosis. His death leaves a void for American radiation therapy 
that will be very difficult to fill. 


Cantril received his early training in radiation therapy under Dr. Max Cutler 
at the Tumor Clinic of the Michael Reese Hospital in Chicago. But the decisive 
influence came in the years of his association with Dr. Henri Coutard, first at 
the Institut Curie in Paris and then at the Chicago Tumor Institute. In 1938 he 
accepted the position as Director of the Tumor Institute of the Swedish Hospital 
in Seattle which he held until his death. In 1949 he was appointed Associate 
Professor of Radiology at the newly organized medical school of the University 
of Washington. 


Cantril was primarily a physician. Medicine to him was not a trade nor even 
a profession, but a vocation and a way of life. He practiced and taught con- 
sistently that the patient and not the disease is the entity. Thus he was eminently 
fitted to bring the brilliant but at times impractical ideas of Coutard’s genius down 
to earth, and his most important and lasting contribution probably lay in his 
ability to balance and integrate a thorough scientific approach and technical skill 
with true physicianship, always guided by a realistic sense of proportion. As he 
matured, he reached the status of a truly great clinician, well comparable to 
clinicians of Osler’s and Halsted’s type who have become so rare in this genera- 
tion of technical specialists and are almost unique among radiologists. 


In the field of radiation therapy, nuclear medicine, and radiation protection, 
Cantril’s scientific contributions, published both in medical journals and mono- 
graphs, are too numerous and too well known in their sincerity, honesty, and thor- 
oughness to be enumerated again. Realistic as he was, his main interest continued 
to be the treatment of cancers of the cervix and larynx—cancers that have proved 
to be amenable to curative radiation therapy—although he maintained an open 
mind toward investigating new possibilities and new procedures. He was tire- 
less in his efforts to improve therapy, not by the introduction of gadgets but by 
thorough self-evaluation. His monograph on cancer of the cervix (1950) and 
his critical historical and clinical review of carcinoma of the larynx—his scientific 
testament and his last tribute to his admired master, Coutard—summarizes his 
experience and approach. The Janeway Lecture of 1957 on “The Contributions of 
Biology to Radiation Therapy” demonstrates his particular gift for viewing any 
problem in its true proportion. 
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Early in his career, Cantril recognized as the goal for his professional life 
the organization of a pioneer institution in which radiation therapy of cancer 
could be practiced and taught as a clinical art. He realized that the unusual 
combination of the available technical facilities at the Swedish Hospital, which 
at that time were unmatched anywhere in the country, together with the free- 
dom of action offered by its understanding staff and board, would provide him 
with a greater opportunity to accomplish this purpose than might be available 
in larger institutions with old, established traditions, and he therefore refused 
several flattering offers during the following years. Through his own determina- 
tion and untiring efforts he succeeded in creating an institution that has become 
recognized as a leading teaching and treatment center. Cantril himself would 
probably consider the creation of his school of clinical radiation therapists as his 
most important contribution, and its perpetuation by those whom he inspired 
as his most fitting memorial. 

During the war Cantril was drafted by the Manhattan Project where, as an 
associate of Dr. Robert S. Stone, he was entrusted with the medical supervision 
of health and protection of personnel in several areas of the atomic bomb project. 
He approached with characteristic thoroughness and vision the almost entirely 
new problems related to the then generally unknown health hazards to be an- 
ticipated in the processing of uranium and plutonium and the associated abund- 
ance of fission products. These investigations, which were concerned both with 
the toxicological and the radiation hazards, were published after declassification 
in a series of extensive scientific contributions which now provide fundamental 
information of inestimable value. The excellent health record in all areas under 
his supervision testifies to his effective administrative ability in the practical appli- 
cation of this newly won fundamental biological knowledge. 

Cantril maintained his close association with the rapidly developing field 
of nuclear medicine after the war and was recognized as one of the experts in 
this field. Perhaps it was just this thoroughness of understanding that kept him 
from being carried to easy fame on a wave of fashionable enthusiasm as he had 
resisted a similar temptation twenty years previously in the early days of super- 
volt therapy. He recognized the true place of radioisotopes in medicine and em- 
phasized the limitations that could be anticipated in the practical use of isotopes 
in the treatment of disease. In his survey on “The Use of Radioactive Isotopes in 
Biology and Medicine,” he stated as early as 1946: “I do not see within our life- 
time the millenium where Hippocrates will perform miracles of cure with a 
radioactive caduceus.” He predicted then that we could look for benefits from 
atomic energy in “. . . the manifold possibilities of its application to varied prob- 
lems of research . . . rather than the more spectacular one of direct application 
of atomic energy or its products to the eradication of disease in the patient.” 
Consistent with this conviction, he postponed the organization of an isotope de- 
partment in the Tumor Institute until he was convinced of the type of organiza- 
tion required for clinical use. 


Cantril represented as a man and as a physician everything noble in Ameri- 
can medicine and in American life. In thought and action he was a true demo- 
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crat who, throughout his whole life, was inspired by his ideal, Abraham Lincoln. 
Intellectual integrity, uncompromising honesty towards himself and towards 
others, and a warm and sincere but never sentimental concern for the well being 
of his fellow men were his outstanding characteristics. His broad general educa- 
tion, with an interest in literature, history, languages, and music, and his appre- 
ciation of European contributions to civilization, to medicine, and to radiology 
were blended with his pragmatic philosophy of life into a true American humanist. 

Through his influence, Cantril contributed decisively—perhaps more than 
any other single man—to the change of atmosphere in the approach to radiation 
therapy and to its improvement and recognition as a specialty which have become 
so noticeable in the United States during the last decade. His universal recogni- 
tion as the leader of his generation of American radiotherapists was symbolized 
by his.election as Executive Secretary of North America when the International 
Club of Radiotherapists was founded in 1952 and by his unanimous election as 
Founding President of the newly organized American Club of Therapeutic Ra- 
diologists at its initial meeting in December 1958. 

All of us who have the progress of this still struggling specialty of radiation 
therapy at heart are aware of the magnitude of our loss, but the memory of this 
noble life, of the man and of the physician, will remain with us and continue to 
assert its influence on his associates, his students, and his many friends as a living 
source of inspiration and stimulation. 

Franz Buschke 
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ORGANIZATIONAL 


THE SEVENTH ANNUAL MEETING 
Estes Park, CoLorapo 
June 23-25, 1960 


The plans for the seventh annual meeting are already far advanced. The 
arrangements committee for the Estes Park meeting insists that the 1960 meeting 
is going to be something more than a routine matter. There are a number of 
facts that would seem to justify this assertion. 

Estes Village is the gateway to the Rocky Mountain National Park, an area 
of scenic beauty that is unsurpassed in America. The Park encompasses many 
square miles of the loftiest, most rugged mountain country of the entire Rocky 
Mountain chain. Towering peaks surround valleys of lower altitude wherein are 
found tumbling mountain streams, crystal clear lakes, great masses of wild 
flowers and forests of evergreens. 

The Stanley Hotel will be the official home of the Society. The Society will 
take over the entire hotel during the time of the meeting. No other guests will 
be booked. This means that the Society will be a unified group, learning to know 
each other and mutually enjoying the endless recreational facilities which this 
great hotel provides. 

The scientific program will be excellent; this is a sine quo non. But in addi- 
tion to this, there are riding horses, mountain trails for hiking, a beautiful private 
swir.ming pool under the sun in front of the hotel. There is a golf course; tennis 
courts; a playground for children; lectures on fauna and flora of the Park; and 
fishing if you like. Or if you wish to just sit on the broad verandas, you will look 
directly at Long’s Peak, one of the tallest in North America. 

A family may bring their car if they so desire. They will find use for it. 
But private bus trips will be arranged and adequate transportation supplied for 
all. This means that the photographer in the family is going to have a field day, 
including a forty mile ride to Grand Lake over the world famous Trail Ridge 
Road. This is a magnificent never-to-be-forgotten trip over the backbone of 
America, the Great Divide that gives rise to many of the great rivers of the 
West. 

Meals will be served on the American plan and selected from menus so varied 
that no one could consume all the food he would be permitted to order. Better 
yet, it is good food. And all of this: food, rooms and entertainment, at a single 
flat rate that is going to be less than expected. 

The 1960 meeting will combine science of high order with an ideal summer 
vacation in a splendid hotel given over entirely to the Society. It looks as if 
the Committee really does have something to shout about. It is certain that you 
will hear more from this Committee. 
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ORGANIZATIONAL Cif 


Dr. W. H. Cargill Dies; Radioisotope Authority 


Dr. Walter Hurt Cargill, a long time member of the Society of Nuclear 
Medicine, Southeastern Chapter, died October 26, 1959, in an Atlanta Hospital 
at the age of 40. Dr. Cargill was an internist and former director of the radio- 
isotopes department at the Atlanta Veterans Administration Hospital. 


Born and reared at Columbus, Dr. Cargill received his B.S. and M.D. 
degrees from Emory University. He studied at the University of Yena and the 
University of Heidelberg in Germany. Later, he did graduate work at Duke 
University. 


During World War II, Dr. Cargill served in the European Theater as a 
captain in the Army Medical Corps. 

In 1955, he received a research grant from the National Heart Institute, 
National Institute of Health, to study at Oak Ridge, Tennessee. 

He was a former assistant professor of physiology in the Emory University 
Medical School, and had been in charge of the isotope department at Pied- 


mont Hospital. He had also been a staff physician at Georgia Baptist and Craw- 
ford Long Hospitals. 


He had been in private practice the last year and a half. As a member of 
the medical advisory board at Georgia Tech, Dr. Cargill served as an adviser 
during construction of the new nuclear research facilities. 

He was also a member of the American Medical Assn., Medical Assn. of 
Georgia, Fulton County Medical Society, American Board of Internal Medicine, 
Southern Society for Clinical Research, and honorary society of Sigma Xi. 

He is survived by his wife, Jeannette; a son, Walter Hurt, III; and a 
daughter, Mary Kathleen. 

Those who knew Walter Cargill are grieved at this news and will for 
sometime in the future feel this loss keenly. 


Interim Chairman of Membership Committee Named 


Dr. Wynton H. Carroll of the Southwestern Chapter, has been appointed by 
the President, Dr. Henry Turner, to the position of interim chairman of the 
Membership Committee for the remainder of Dr. Turner’s administration. Dr. 
Wynton fills the vacancy created by the death of Dr. J. W. Lewis, the previous 
chairman of this committee. 


Dr. Wynton’s address is: 
1513 Line Avenue 
Shreveport, Louisiana 











INFORMATION FOR AUTHORS 


The Journal of Nuclear Medicine will publish original articles in clinical 
medicine, basic and clinical medical research, physics and chemistry dealing with 
the use of isotopes in humans, and articles on related subjects. The latter includes 
dosimetry, instrumentation, protection, techniques and biologic effects contribut- 
ing to the use or effects of isotopes in clinical medicine or the clinical effects of 
ionizing radiation. Articles are accepted for publication on the condition that 
they are contributed exclusively to this journal. 


MANUsCRIPTS must be typed double or triple spaced, the latter being pre- 
ferable, and with at least a one-inch margin on each side of a standard size page. 
The original with one carbon copy must be provided. 


TABLES must have captions and be numbered consecutively in Arabic num- 
bers. 


ILLUSTRATIONS should be in black ink on hard white paper with all lettering 
of sufficient size and clarity to permit reduction. Each illustration must be identi- 
fied by a label pasted to the back indicating its number, the author’s name and 
an abbreviated title of the article. The top of the illustration must be clearly 
indicated. Illustrations must have descriptive legends grouped on a separate 
sheet (double spaced ). 


REFERENCES must be cited in the text by number in parentheses in order of 
appearance. A consecutive list according to reference numbers must be sub- 
mitted on a separate page, double spaced. Literature references must be cited 
in the following order: name of author, title of article, name of periodical, with 
volume, page, month (day of month, if weekly) and year. Book references must 
be cited in the following order: author’s name, name of book, editor’s name (if 
any ), city of publication, name of publisher and year of publication. 


Unused manuscripts will be returned by regular mail. Used manuscripts 
are not returned, however, used illustrations are returned after the article is pub- 


lished. 
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